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ABSTRACT
SOME EFFECTS OF CRUDE AND NO. 2 
FUEL OIL ON THE CHROMOSOMES 
OF THE SMOOTH FLOUNDER,
L i o p s e t t a  putnami (GILL).
by
PATRICIA M. BURKE 
U n i v e r s i t y  o f  New Hampshire,  December, 1982
An a n a l y s i s  was conducted  on th e  g e n o to x ic  e f f e c t s  o f  w a t e r  s o l u b l e  
f r a c t i o n s  (WSF) o f  Venezuelan c rude  and No. 2 fu e l  o i l  on t h e  chromo­
somes o f  smooth f l o u n d e r  (L i o p s e t t a  pu tn am i) g i l l  c e l l s .
Both s t a t i c  and f lo w - th ro u g h  i n - l a b  ex p o su res  were used t o  de te rm in e  
t h e  e f f e c t s  o f  l o n g - t e r m  lo w - le v e l  WSF exposu re  (7%, 4%, and 2% WSF) on 
a d u l t  L. p u tnam i . The l o n g - t e r m  exposu res  were o f  96 and 99 days f o r  
t h e  No. 2 fu e l  and c ru d e  s t a t i c  systems r e s p e c t i v e l y ,  and 137 days  f o r  
t h e  f low - th rough  sy s te m s .  Chromosome a b e r r a t i o n s  s co red  i n c l u d e :  
f r ag m en ts ,  ch rom a t id  d e l e t i o n s ,  complex r e a r r a n g e m e n t s ,  r i n g s ,  and 
t r a n s l o c a t i o n s .  Chromosome co u n t  v a r i a t i o n s  were a l s o  a n a ly z e d .  Water 
samples were examined f o r  hydrocarbon c o n t e n t  w i th  f l u o r e s c e n t  
sp ec t ro sc o p y .
Of th e  l o n g - t e rm  e x p o s u r e s ,  s i g n i f i c a n t  i n c r e a s e s  in  chromosome 
breakage o c c u r re d  i n  t h e  No. 2 fu e l  s t a t i c  e x p e r im en t .  The c ru d e  s t a t i c
- x i -
and f lo w - th ro u g h  exposu res  r e s u l t e d  i n  a l e s s  d r a m a t i c ,  b u t  s i g n i f i c a n t  
i n c r e a s e  in  chromosome f r ag m e n ts .
A d d i t i o n a l l y ,  a s h o r t - t e r m  exposure  t o  7% WSFs o f  both  o i l  t y p e s  
proved s i g n i f i c a n t l y  (F £  0 . 0 1 ) more t o x i c  ( v i a  l a r v a l  m o r t a l i t y )  than  
0 ,  2 ,  and 4% WSF to  L. putnami sac  f r y  when exposed f o r  10 d ays .
I t  i s  h y p o th e s i z e d  t h a t  t h e  smooth f l o u n d e r  p o s s e s s e s  an a c t i v e  
mixed f u n c t i o n  o x id a se  enzyme system which may t r a n s f o r m  c e r t a i n  hydro­
carbons  i n t o  a c t i v e  mutagenic  fo rms,  and a l s o  may d e p u ra te  hyd ro ca rb o n s .  
The s t u d i e s  r e p o r t e d  h e re  a r e  th e  f i r s t  known t o  d i r e c t l y  a d d r e s s  t h e  
impacts  o f  WSFs o f  o i l  upon th e  chromosome morphology o f  a marine  
s p e c i e s .
I .  INTRODUCTION
My major s c i e n t i f i c  i n t e r e s t s  l i e  in  t h e  a r e a  o f  man's e f f e c t  on th e  
n a tu r a l  environment .  In t h e  summer o f  1979, a s ev e re  o i l  s p i l l  (20,000+ 
g a l lo n s  o f  Venezuelan heavy o i l )  o c cu r red  in  G rea t  Bay, the  l a r g e s t  
e s t u a r i n e  system in  s o u t h e a s t e r n  New Hampshire.  G rea t  Bay i s  the  l o c a ­
t i o n  o f  th e  U n iv e r s i t y  o f  New Hampshire 's  Jackson  E s t u a r i n e  Labora to ry  
where I was perform ing  g r a d u a te  r e s e a r c h .
The immediate e f f e c t s  o f  th e  o i l  on t h e  G rea t  Bay environment were 
obv ious .  I t  appeared  e q u a l l y  t r u e  t h a t  t h e r e  would be lo n g - te rm  
"unseen" e f f e c t s  o f  such an o i l  exposure .  A l i t e r a t u r e  s ea rch  soon 
i n d i c a t e d  t h a t  o i l  s p i l l s  a r e  a r e l a t i v e l y  minor a s p e c t  o f  th e  t o t a l  
i n p u t  o f  pe t ro leum i n t o  t h e  environment ( e . g . ,  F a r r i n g t o n ,  1980);  t h a t  
much o f  th e  o i l  i n p u t  was r o u t i n e ,  i n t e n t i o n a l  dumping a s s o c i a t e d  w i th  
r u n o f f  and o i l  p ro d u c t io n  and t r a n s p o r t a t i o n .  C o i n c i d e n t a l l y  w i th  th e  
G rea t  Bay s p i l l  in  1979-1980, t h e  f i n a l i z a t i o n  o f  th e  G eorge ' s  Bank o i l  
l e a s e  s a l e s  took p l a c e ,  which would open up one o f  t h e  w o r l d ' s  r i c h e s t  
f i s h e r i e s  a r e a s  to  o f f s h o r e  o i l  d r i l l i n g  o f f  th e  New England c o a s t l i n e  
(Newman, 1982).
L i t e r a t u r e  i n d i c a t e d  t h a t  only in  t h e  p a s t  decade,  have s c i e n t i s t s  
i n v e s t i g a t e d  th e  e f f e c t s  o f  con t in u o u s  lo w - lev e l  o i l  i n p u t  upon a q u a t i c  
p l a n t s  and an im a ls ,  and t h e r e  had been l i t t l e  o r  no work done on th e  
g e n e t i c  impacts  of  o i l  p o l l u t i o n .  I t  was in  t h a t  summer o f  1979 t h a t  nqy 
r e s e a r c h  s h i f t e d  from i t s  b a s i c  n a tu r e  o f  k a ry o ty p in g  smooth and w i n t e r
- 1 -
-2 -
f l o u n d e r s  (Burke and Hoornbeek, 1978 and Hoornbeek and Burke,  1981) ,  t o  
t h e  a p p l i e d  q u e s t i o n :  Does o i l  have an e f f e c t  on t h e  g e n e t i c  m a t e r i a l
o f  t h e  e s t u a r i n e  f i s h  L i o p s e t t a  putnami?
C e r t a i n  pe t ro leum  hydroca rbons  have been i d e n t i f i e d  as  mutagens and 
c a r c in o g e n s  (Payne e t  a l . , 1979) .  An u n d e r s t a n d i n g  o f  th e  im pac ts  o f  
i n t r o d u c i n g  t h e s e  chem ica l s  i n t o  t h e  marine  env i ronm ent  i s  i m p e r a t i v e .  
Oil sh ipment and o f f s h o r e  d r i l l i n g  t h r e a t e n  c o a s t a l  and e s t u a r i n e  
env ironments  w i th  l o n g - t e r m  l o w - l e v e l  i n p u t s  o f  pe t ro leum  h y d ro c a rb o n s .  
Th is  p r e s e n t s  th e  t h r e a t  o f  a l t e r i n g  t h e  g e n e t i c  makeup o f  marine
organisms th rough  m u ta t io n .  M utagenes is  o f  n a t u r a l  gene p o o ls  o f  m ar ine
s p e c i e s  co u ld  a l t e r  t h e i r  a v a i l a b i l i t y  t o  man a s  food ,  o r  as  
r e c r e a t i o n a l  and a e s t h e t i c  r e s o u r c e s .  An u n d e r s t a n d i n g  o f  t h e  g e n e t i c  
im pacts  o f  o i l  p o l l u t i o n  m igh t  a l t e r  i n d u s t r i a l  p r a c t i c e s  t o  p r o t e c t  
a q u a t i c  s p e c i e s  o r  e n t i r e  e co sy s tem s .
In t h i s  t h e s i s ,  I have a t t e m p t e d  t o  o b s e r v e ,  a t  t h e  g ro s s  morpholog­
i c a l  chromosome l e v e l ,  t h e  e f f e c t s  o f  t h e  w a t e r  s o l u b l e  f r a c t i o n  (WSF) 
o f  two ty p e s  o f  f r e q u e n t l y  s p i l l e d  o i l s :  c ru d e  and No. 2 fu e l  o i l .
Venezuelan c rude  and No. 2 fu e l  o i l  were used  b ecause  i t  was a
Venezuelan (No. 6 ) o i l  t h a t  s p i l l e d  i n t o  t h e  G r e a t  Bay E s tu a ry  i n  1979.
Long-term lo w - le v e l  e x p o su re s  i n  bo th  f lo w - th r o u g h  and s t a t i c  l a b o r a t o r y  
s e t - u p s  were implemented.  The smooth f l o u n d e r  g i l l  c e l l s  were a n a ly z e d  
f o r  f requency  o f  m orpho log ica l  chromosome a b e r r a t i o n s .
Bony f i s h e s  ( O s t e i c h t h y e s ) i n  g e n e r a l ,  make good s u b j e c t s  f o r  
t o x i c o lo g y  s t u d i e s  f o r  t h e  f o l l o w i n g  r e a s o n s :  (1) Bony f i s h e s  have one
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o f  th e  most w e l l - d e v e lo p e d  nervous  systems o f  a l l  marine o rg an ism s ,  and 
r e s u l t s  may be more e a s i l y  e x t r a p o l a t e d  t o  h ig h e r  v e r t e b r a t e s ;  (2) Many 
f i s h e s  a r e  a t  t h e  end o f  t h e  marine  food c h a i n ,  and a r e  o f t e n  i m p o r t a n t  
food sou rces  f o r  o t h e r  organ isms  ( f i s h e s ,  b i r d s ,  man, o t h e r  mammals, 
e t c . ) ;  (3) The a l t e r a t i o n  o f  f i s h  s p e c i e s  d i v e r s i t y ,  h e a l t h  and abun­
dance c a r r i e s  w i th  i t  many s t r o n g  p o l i t i c a l ,  economic,  and env i ronm en ta l  
r e p e r c u s s i o n s .
F l a t f i s h  were chosen  f o r  t h e  p r e s e n t  s tudy  because  o f  t h e i r  
b e h a v io r .  They a r e  b o t t o m - d w e l l e r s ,  and s i n c e  a good p e rc e n ta g e  o f  o i l  
i s  d e s t i n e d  t o  s e t t l e  i n t o  t h e  sed im en ts  (K e iz e r  e t  a l . , 1978 and 
D e l a u n e , e t  a l . , 1980),  f l o u n d e r s  may be a f f e c t e d  more than  a r e  w a t e r -  
column swimmers; a l s o ,  s u c c e s s f u l  o i l  t o x i c o l o g y  s t u d i e s  have a l r e a d y  
been unde r taken  w i th  f l a t f i s h  ( e . g . ,  FI e t c h e r  e t  a l . , 1981 and McCain e t  
a l . , 1978).  F i n a l l y ,  some knowledge o f  t h e  chromosomes o f  s e v e r a l  s p e ­
c i e s  o f  f l a t f i s h  has a l rea t ty  been g a t h e r e d  ( e . g . ,  LeGrande, 1975 and 
Hoornbeek, 1979) .
The smooth f l o u n d e r ,  L i o p s e t t a  putnami was chosen f o r  t h i s  i n v e s t i ­
g a t i o n  because  i t  does w e l l  i n  c a p t i v i t y .  Workers a t  t h e  Jackson  
E s t u a r i n e  L abora to ry  have done g e n e t i c  work on t h i s  s p e c i e s ,  and L. 
putnami has been r e a r e d  s u c c e s s f u l l y  from t h e  egg .  A lso ,  
t h e  smooth f l o u n d e r  can be o b t a i n e d  i n  l a r g e  numbers l o c a l l y  in  t h e  
G r e a t  Bay E s tu a r y .  The chromosomes o f  t h i s  f i s h  have been c h a r a c t e r i z e d  
and a r e  o f  manageable s i z e  f o r  c y t o g e n e t i c  s t u d i e s  (Burke and Hoornbeek,
1978) .  P a s t  work w i th  t h i s  f i s h  has  d e m o n s t ra ted  t h a t  t h e  m i t o t i c
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a c t i v i t y  o f  s ev e ra l  o f  t h e  t i s s u e s  ( t h e  g i l l s  in  p a r t i c u l a r )  o f  L. 
putnami i s  high (pe rsona l  o b s e r v a t i o n ) ,  so t h a t  s u f f i c i e n t  numbers of  
chromosome sp read s  may be examined from in d iv id u a l  t i s s u e  samples .  L. 
putnami i s  an id e a l  g e n e t i c  p r o to t y p e  f o r  th e  commercially v a lu a b le  
w i n t e r  f l o u n d e r  Pseu d o p leu ro n ec te s  am er icanus , and many o f  th e  t e c h ­
n iques  used in  t h i s  s tudy can be employed w i th  th e  w i n t e r  f lo u n d e r  
w i th o u t  m o d i f i c a t i o n .  One o f  t h e  major d i sad v an tag es  o f  d i r e c t l y  
s tu d y in g  th e  w in t e r  f l o u n d e r  i s  i t s  s m a l l e r - s i z e d  chromosomes vs .  the  
l a r g e r  smooth f l o u n d e r  chromosomes (3 .5  ju vs .  5 / j ) .  P. amer icanus a l s o  
seems to  be more d i f f i c u l t  t o  m an ipu la te  in  th e  l a b o r a t o r y  than  i s  L. 
putnami (pe rsona l  o b s e r v a t i o n ) .
For  t h e  reasons  d i s c u s s e d  above, L i o p s e t t a  putnami was chosen as  th e  
exper im enta l  animal t o  be used in  a t t e m p t in g  t o  d i s c o v e r  whether  o r  no t  
w a te r  s o lu b le  f r a c t i o n s  o f  o i l  impact t h e  morphology o f  f l o u n d e r  chromo­
somes.
I I .  LITERATURE REVIEW
H is to ry  o f  Oil P o l l u t i o n  Research
Advances in  o i l  p o l l u t i o n  r e s e a r c h  have been c o n c e n t r a t e d ,  f o r  th e  
most p a r t ,  i n t o  th e  p a s t  10-15 y e a r s .  P r i o r  to  th e  1 9 6 0 ' s ,  b a s i c  
r e s e a r c h  in  t h i s  a rea  was l i g h t l y  s c a t t e r e d  th ro u g h o u t  v a r io u s  s c i e n ­
t i f i c  d i s c i p l i n e s .  For example,  G a l t s o f f  e t  a l . , in  1935 performed a 
s tudy on the  e f f e c t s  o f  o i l  on o y s t e r s .  In th e  1 9 4 0 ' s ,  t a n k e r s  sunk 
th ro u g h o u t  th e  world du r ing  World War I I  imposed l a r g e  q u a n t i t i e s  o f  o i l  
o r  o i l  p roduc ts  on th e  marine environment (Mertens and Gould,  1977) .  
Ear ly  (1940-1950) biogeochemical s t u d i e s  o f  f o s s i l  fue l  compounds in  th e  
marine environment invo lved  o b se rv in g  th e  d isap p ea ran ce  o f  o i l  s l i c k s  
from th e  s u r f a c e  of  bod ies  o f  w a te r  ( F a r r i n g t o n ,  1980).  Surveys o f  the  
d i s t r i b u t i o n  and f requency o f  " t a r  b a l l s "  on th e  e a s t  c o a s t  o f  the  
United S t a t e s  in  th e  1 9 5 0 ' s documented one f a t e  of  o i l  s p i l l e d  i n t o  the  
ocean ( F a r r i n g t o n ,  1980) .
Another  one o f  t h e  e a r l i e r  forms o f  o i l  p o l l u t i o n  re s e a rc h  was to  
measure b i o l o g i c a l  re sponse  by r e p o r t i n g  c o n c e n t r a t i o n s  of hydrocarbons  
which were f a t a l  to  c e r t a i n  organ isms.  This  re sponse  was r e p o r t e d  in  a 
form such as the  LD-50/LC-50 ( i . e . ,  t h e  d o s e / c o n c e n t r a t i o n  o f  o i l  
r e q u i r e d  to  k i l l  50% o f  a t e s t  p o p u la t io n  over a given t ime pe r io d )  
( e . g . ,  Douglas and I rw in ,  1963) .  A l i m i t a t i o n  o f  t h e s e  s t u d i e s  was t h a t  
they  were u s u a l l y  done with  r e s i s t a n t  s p e c ie s  t h a t  were easy to  manage 
in  th e  l a b o r a t o r y ,  w h i le  f r a g i l e  s p e c ie s  were excluded  from LD-50 s t u d -
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i e s  (Hyland and S chne ider ,  1976).  While t h e  LC/LD-50 d a ta  a r e  s t i l l  in  
u se ,  ( e . g . ,  Armant e t  a l . , 1980),  in  t h e  l a t e  1970 's  most s t u d i e s  began 
to  look a t  long- te rm  low - lev e l  exposu res .
Following World War I I ,  t r a n s o c e a n i c  shipment  o f  pe t ro leum from p ro ­
duc t ion  a r e a s  to  r e f i n e r i e s  to  markets  in c r e a s e d  s t e a d i l y .  Tanker s i z e  
in c r e a s e d  from the  1 6 ,750- ton  c a p a c i ty  o f  the  T-2 t a n k e r  used in  World 
War I I ,  t o  c a p a c i t i e s  rang ing  up to  550 ,0 0 0 - to n s  in  modern-day 
s u p e r t a n k e r s  (Mertens and Gould,  1977).  The United  S t a t e s  has con­
s i s t e n t l y  been one of  th e  h i g h e s t  consumers of  pe t ro leum p r o d u c t s ,  per  
c a p i t a ,  i n  the  world .  The U.S. accounted  f o r  25% o f  the  world i n p u t  of  
pe t ro leum hydrocarbons i n t o  oceans ,  in  a 1974 tw e lve  month e s t i m a te  
( F a r r i n g t o n ,  1976).
By the  m id -1960 's ,  the  pe t ro leum i n d u s t r y  began producing  o i l  from 
o f f s h o r e  p l a t f o r m s .  In U.S. w a te r s  a lo n e ,  more than  21,000 o f f s h o r e  
w e l l s  have been d r i l l e d .  Thus, both an i n c r e a s e  in  t r a n s o c e a n i c  s h i p ­
ment o f  o i l  and o i l  p ro d u c ts  a long with the  adven t  of  l a r g e  o f f s h o r e  
pe t ro leum p roduc t ion  have r e s u l t e d  in  a s u b s t a n t i a l l y  g r e a t e r  burden of  
o i l  upon the  oceans o f  t h e  world (Mertens and Gould,  1977).
Although i t  has been th e  l a r g e  ocean sh ip  o r  p la t fo rm  s p i l l s  t h a t  
r e c e i v e  t h e  most p u b l i c  and p o l i t i c a l  a t t e n t i o n ,  t h e s e  s p i l l s  a re  
a c t u a l l y  a r e l a t i v e l y  minor f a c t o r  in  t h e  t o t a l  pe t ro leum hydrocarbon 
i n p u t  i n t o  our w a te r  systems ( F a r r i n g t o n ,  1980).  I t  i s  th e  "unseen" o i l  
p o l l u t i o n  t h a t  ove r loads  our w a te r  system w ith  pe t ro leum hydrocarbons: 
sh ip  b i l g e - c l e a n i n g ,  normal pe t ro leum p ro d u c t io n  o p e r a t i o n s ,  and storm
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w a te r  r u n o f f .  These forms o f  i n p u t  have been i n  e x i s t e n c e  f o r  decades  
( F a r r i n g t o n ,  1980).
The marine env i ronm ent  has  a l s o  r e c e i v e d  i n p u t s  o f  o i l  from n a t u r a l  
seeps  f o r  long p e r i o d s  o f  t ime  (Blummer, 1972b; and F a r r i n g t o n ,  1977) .  
There  have been n a t u r a l  g e o lo g ic  seeps  in  some a r e a s  o f  th e  C a r r ib e a n  
and a t  Coal Oil P o i n t ,  S an ta  B a r b a r a ,  C a l i f o r n i a ,  f o r  thousands  o f  
y e a r s .  I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  some marine  organisms have a d ap te d  
t o  th o se  o i l e d  env i ronm en ts  ( F a r r i n g t o n ,  1977) .  F a r r i n g t o n ,  i n  1980 
dem ons t ra ted  t h a t  n a t u r a l  s eeps  acc o u n t  f o r  ap p ro x im a te ly  o n e - t e n t h  o f  
t h e  t o t a l  annual i n p u t  o f  p e t ro le u m  hydroca rbons  i n t o  t h e  ocean w o r ld ­
wide.  Th is  i s  c o n t r a s t e d  w i th  t h e  ap p ro x im a te ly  5 m i l l i o n  m e t r i c  t o n s  
o f  pe t ro leum hydroca rbons  p e r  y e a r  from m a n - o r i g i n a t e d  s o u r c e s .  T h i s  i s  
n e a r ly  5 /6  o f  t h e  t o t a l  annual i n p u t  o f  6 .1  m i l l i o n  m e t r i c  t o n s .
The n a tu r a l  seep s i t u a t i o n  i s  d i s t i n c t  from t h a t  o f  a sudden l a r g e  
s c a l e ,  o r  c o n t in u o u s  l o w - l e v e l  d i s c h a r g e  o f  o i l  i n t o  a r e a s  which have 
p r e v io u s ly  n o t  been exposed  t o  n a t u r a l  s e e p s .  The n a tu r e  o f  t h e  man- 
made pe t ro leum p ro d u c t s  i n p u t  i s  a l s o  c r i t i c a l  in  a s s e s s i n g  t h e i r  
im p ac ts .  The v a r i o u s  s t a g e s  o f  pe t ro leum  r e f i n e m e n t  c o in c i d e  w i th  
d r a s t i c a l l y  d i f f e r e n t  t o x i c i t y  l e v e l s .  Many o f  t h e  more h ig h ly  r e f i n e d  
o i l  p ro d u c ts  e n t e r i n g  t h e  oceans  e x h i b i t  s e v e r e  t o x i c i t y  t o  mar ine  
o rgan ism s ,  ( Z o b e l l ,  1969; and Nunes and B e n v i l l e ,  1979) as opposed t o  
t h e  raw pe tro leum e lem en ts  and gases  which o c cu r  i n  n a t u r a l  s e e p s .
The need to  s tudy  t h e  l o n g - t e r m  e f f e c t s  o f  o i l  on marine l i f e  was 
d ram a t ized  by t h e  g round ing  o f  t h e  1 1 7 ,0 0 0 - to n  Tor rey  Canyon on March
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18, 1967 o f f  the  Cornish  c o a s t  of  t h e  U n i ted  Kingdom (Mertens  and Gould,
1977) .  O ther  well  known major  o i l  s p i l l s  would fo l lo w  ( e . g . ,  Argo 
Merchant s p i l l  i n  1976; t h e  Amoco Cadiz  in  1978, and t h e  l o n g - r u n n in g  
E k o f i sk p l a t f o r m  b low -ou t  in  Campeche Bay, Mexico in  1979-1980) .  But i t  
was a r e l a t i v e l y  s m a l l - s c a l e  1969 s p i l l  o f  700,000 l i t e r s  o f  No. 2 fue l  
o i l  i n  B u zz a rd ' s  Bay, M assa c h u se t t s  (Sanders  e t  a l . , 1980) t h a t  sparked  
t h e  fu s io n  o f  v a r i o u s  s c i e n t i f i c  d i s c i p l i n e s  i n t o  t h e  c o o p e r a t i v e  e f f o r t  
now known as  " o i l  p o l l u t i o n  r e s e a r c h . "  The g rounding  o f  th e  o i l  barge  
F l o r i d a  in  September  o f  1969 in  B u zz a rd ' s  Bay, o c c u r r e d  a t  th e  "back 
door" o f  t h e  Woods Hole Oceanographic  I n s t i t u t i o n .
The l a t e  Max Blummer, a Wood's Hole g e o ch e m is t ,  c o o r d i n a t e d  th e  
e f f o r t s  o f  many n a t u r a l  and p h y s ica l  s c i e n t i s t s  who s t u d i e d  t h e  f a t e  o f  
t h e  No. 2 fu e l  o i l  as well  as  th e  immediate  and lo n g - t e r m  p h y s ic a l  and 
b i o l o g i c a l  e f f e c t s  upon th e  bay. Measurements were made ove r  a f i v e - t o -  
seven y e a r  p e r i o d  p o s t - s p i l l  (Sanders  e t  a l . , 1980) .
P u b l i c a t i o n s  on t h e  F l o r i d a  o i l  s p i l l  a r e  now, i n  1982, seen a s  t h e  
c o r n e r s t o n e  t o  a n e ce s sa ry  i n t e r d i g i t a t i o n  o f  t h e  d i s c i p l i n e s  o f  p h y s i ­
c a l  and b i o l o g i c a l  s t u d i e s  o f  o i l  p o l l u t i o n  (Blummer, 1 9 7 0 ; Blummer, 1971; 
Blummer, 1972a, 1972b, 1972c; Blummer and Sass  1972) .  Indeed ,  i t  was no t  
u n t i l  1980, e lev e n  y e a r s  p o s t - s p i l l ,  t h a t  t h e  comprehens ive  r e p o r t  on 
t h e  s p i l l  was comple ted  (Sanders  e t  a l . , 1980) .  The s tudy  de te rm ined  
t h a t  b i o l o g i c a l  damage was most s ev e re  i n s h o r e ,  and t h a t  p h y s i o l o g i c a l  
and b e h av io r a l  e f f e c t s  o f  t h e  o i l  on b i o t a  were s t i l l  d e t e c t a b l e  f i v e  
y e a r s  a f t e r  t h e  s p i l l .
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By th e  l a t t e r  1960s,  many o t h e r  s c i e n t i s t s  were a l s o  a n a ly z in g  o i l  
p o l l u t i o n  w i th  th e  use o f  p r e v i o u s l y  u n r e l a t e d  s c i e n t i f i c  d i s c i p l i n e s  
(rev iewed in :  Brenninman e t  a l . , 1965; M ir inov ,  1967; Kunhold, 1969;
and Z o b e l , 1969).  Through t h i s  app roach ,  i t  became e v i d e n t  t h a t  t h e  
" o i l  s l i c k  d i s a p p e a r e d - a l l  i s  w e l l "  t e n e t  co u ld  no lo n g e r  be he ld  
( F a r r i n g t o n ,  1980) .
The decade o f  t h e  s e v e n t i e s  h o s te d  t h e  d i v e r s i f i c a t i o n  and f i n e -  
tu n in g  o f  o i l  p o l l u t i o n  s t u d i e s .  I t  has  been d u r in g  th e  p a s t  t e n  y e a r s  
t h a t  a major p o r t i o n  o f  our  knowledge ab o u t  o i l  p o l l u t i o n  has  been 
o b ta in e d .  The f i n d i n g s  of  t h o s e  p i o n e e r i n g  s t u d i e s  in  t h i s  r e l a t i v e l y  
new re s e a r c h  f i e l d  c o n s i s t e d  o f  l a b o r a t o r y  and f i e l d  su rveys  which 
became s u b j e c t s  o f  s e r i o u s  d e b a te  w i t h i n  t h e  s c i e n t i f i c  community 
( F a r r i n g t o n ,  1976) .  The c o n t r o v e r s y ,  c e n t e r i n g  on a p p a r e n t  c o n f l i c t i n g  
r e p o r t s  abou t  t h e  p o s i t i v e ,  n e g a t i v e ,  o r  i n s i g n i f i c a n t  impacts  o f  o i l ,  
r e s u l t e d  i n  t h e  fo rm a t io n  o f  a N a t io n a l  Academy o f  S c ien ces  s tudy  group 
p roduc ing  p e r i o d i c  r e p o r t s  (N .A .S . ,  1979) a s  wel l  as  t h e  b i - a n n u a l  Oil  
S p i l l  Confe rences  h o s ted  by t h e  American P e t ro leum  I n s t i t u t e  (1973, 
1975, 1977, 1979, 1981) .  T h e i r  p e r i o d i c  r e p o r t s  have a l low ed  a s y n t h e ­
s i s  and o r g a n i z a t i o n  t o  develop  around t h e  s t i l l - p r e v a l e n t  c o n t r o v e r ­
s i e s .
*  *  *
The f o l l o w i n g  review i s  an a t t e m p t  t o  r e p o r t  on t h e  c u r r e n t  l i t e r a ­
t u r e  in  t h e  f i e l d  o f  pe t ro leum  hydroca rbon  p o l l u t i o n ,  and i t s  e f f e c t  on 
marine  organisms (w i th  an emphasis  on bony f i s h ,  C la s s  O s t e i c h t h y e s . I
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w i l l  then  t r a c k  th e  p ro g r e s s  o f  G enet ic  Toxicology re s e a rc h  in  the  
l i t e r a t u r e ,  e v e n tu a l ly  r e s u l t i n g  in  t h e  meshing o f  t h e se  two f i e l d s  of  
s tu d y .  The re s e a rc h  des ign  o f  t h i s  t h e s i s  i s  a s y n t h e s i s  of  what appear  
t o  be th e  b e s t  and most e f f i c i e n t  methods g leaned from t h i s  review of  
t h e  c u r r e n t  l i t e r a t u r e .
Breakdown and C h a r a c t e r i z a t i o n  of  Oil 
The magnitude o f  c o m p le x i t i e s  found in  o i l  p o l l u t i o n  re s e a rc h  l i e s  
in  t h e  n a tu re  o f  crude  o i l  and r e f i n e d  p r o d u c t s .  Petroleum i s  c h a r a c ­
t e r i z e d  by F a r r in g to n  (1980) as a "complex chemical soup."  Crude o i l  
c o n ta i n s  t e n s  of  thousands  of  chem ica ls ;  most a re  hydrocarbons.
Biogeochemis try  o f  Oil
Hydrocarbons a re  minor bu t  u b iq u i to u s  components of  th e  a q u a t i c  
environment (Blummer and S as s ,  1972) .  The pr imary n a tu ra l  source  of 
hydrocarbons  i s  v ia  b i o s y n t h e s i s  by a q u a t i c  organisms and by the  b reak ­
down o f  t e r r e s t r i a l  o rg an ic  m a t t e r ;  e . g . ,  f o r e s t  f i r e  d e b r i s  i s  a major 
c o n t r i b u t o r  o f  n a tu ra l  hydrocarbons (Wakeham, 1976).  Inpu ts  of  
p e t ro le u m -d e r iv e d  hydrocarbons  swamp those  n a tu ra l  i n p u t s  (K o la t tukudy ,
1976).  Because of  human i n p u t  o f  pe t ro leum p ro d u c t s ,  t h e r e  no lo n g e r  
e x i s t  p r i s t i n e  r e f e r e n c e  s i t e s .  That  i s ,  a body o f  w a ter  c o n ta i n in g  
only b iogen ic  hydrocarbons i s  now a t h i n g  o f  the  p a s t  (Vandermeulen,
1978).
C u r r e n t l y ,  th e  general  t o t a l  hydrocarbon c o n c e n t r a t i o n s  appear  t o  be 
in  t h e  10-50 ppb ( p a r t s  pe r  b i l l i o n )  range in  s eaw ate r  (Anderson e t  a l . ,
1977) and "background c o n c e n t r a t i o n s "  a r e  in  t h e  low 1.0  ppb range
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( Gordon e t  a l . , 1978).  In h e av i ly  con tam inated  a r e a s  ( e . g . ,  r e f i n e r i e s ,  
o i l  r i g s ,  d e l i v e r y  docks ,  e t c . ) ,  t h e  va lues  o f  t o t a l  hydrocarbons a re  
much h ighe r :  200-2 ,000 ppb (Anderson e t  a l . , 1977).
F a te s  of  Oil in  Aquatic  Environments
Biogeochemical s t u d i e s  o f  f o s s i l  fue l  hydrocarbons p rov ide  i n f o r ­
mation on i n p u t  ro u te s  and r a t e s  o f  t r a n s f e r s  and r e a c t i o n ,  and r e s e r ­
v o i r s  of  accumula tion  o f  t h e se  compounds in  a q u a t i c  environments  
( F a r r i n g t o n ,  1980).  Petroleum and pe tro leum p roduc ts  change t h e i r  
c h a r a c t e r  in  a s h o r t  t ime in  t h e  sea .  D i f f e r e n t  components of  th e  o i l  
a re  a f f e c t e d  in  d i f f e r e n t  ways. D i s s o l u t i o n ,  chemical o x i d a t i o n ,  v o l i -  
t a l i z a t i o n ,  b io d e g ra d a t io n  and l i g h t - i n d u c e d  r e a c t i o n s  c o n t r i b u t e  to  
changing th e  c h a r a c t e r  o f  the  o i l  (K e izer  and Gordon, 1973).
Microbia l  d e g ra d a t io n  o f  o i l  c o n t i n u a l l y  r e c e iv e s  a t t e n t i o n  in  o i l  
p o l l u t i o n  r e s e a r c h .  "In  th e  p a s t  decade,  many people  have dec ided ly  
o v e re s t im a te d  th e  o v e r a l l  e f f e c t i v e n e s s  o f  t h i s  method of  pe tro leum 
decay" (LaCaze and Y i l led o n  de Naide,  1976).  Many d i f f e r e n t  b a c t e r i a l  
sp e c ie s  a re  necessa ry  f o r  th e  breakdown o f  crude  o i l ,  and some of  the  
i n t e r m e d i a t e  p roduc ts  o f  th e  p rocess  may be more to x i c  than th e  o r i g i n a l  
c rude  o i l  components ( Z o b e l l ,  1969).  The r a t e  o f  b a c t e r i a l  decom­
p o s i t i o n  of  o i l s  i s  n o t  known, bu t  i t  does vary w i th  t em pera tu re  (A t la s  
e t  a l . , 1978).  Sanders  e t  a l . (1980) found m ic rob ia l  a c t i o n  to  be i n a ­
dequate  in  e x p e d i t i n g  th e  breakdown o f  th e  F l o r i d a  fue l  o i l .  In th e  
absence of  oxygen, such as the  c o n d i t i o n  in  most bottom sed im en ts ,  where 
o i l ' s  most p e r s i s t e n t  components u l t i m a t e l y  s e t t l e  (Ke izer  e t  a l . , 1978 
and Delaune e t  a l . ,  1980) th e  s p e c i e s  o f  b a c t e r i a  t h a t  decompose o i l s
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canno t  e x i s t .  A t la s  e t  a l . (1978) have found t h a t  under a r c t i c  i c e  a t  
Prudhoe Bay in  Alaska ,  b a c t e r i a l  a c t i v i t y  d id  no t  s i g n i f i c a n t l y  a l t e r  
t h e  r e l a t i v e  p e rc en ta g e s  o f  hydrocarbons in  t h e  w a te r  column. Pe tro leum 
hydrocarbons  w i l l  remain in  c o l d e r  ecosystems f o r  p ro longed  p e r io d s  
(Korn e t  a l . , 1979).  However, Lee (1977) de termined  t h a t  e s t u a r i n e  
w a te r s  had h ig h e r  hydrocarbon d e g ra d a t io n  r a t e s  than o f f s h o r e  a r e a s .  He 
r e l a t e d  t h i s  t o  a h ig h e r  s t a n d i n g  s tock  o f  b a c t e r i a  due to  e l e v a t e d  con­
c e n t r a t i o n s  of  n i t r a t e ,  phosphate ,  d i s s o lv e d  o rg an ic  carbon and p a r ­
t i c u l a t e  o rg an ic  carbon in  e s t u a r i e s .
O the r ,  non-microb ia l  methods of  o i l  breakdown appear  to  be more 
e f f e c t i v e  in  th e  marine  systems s t u d i e d  th u s  f a r .  D esp i te  t h e  v a r i a t i o n  
in  v i s c o s i t y  and o t h e r  c h a r a c t e r i s t i c s  of  o i l ,  some t r e n d s  in  t h e  b re a k ­
down p ro cess  a re  i n d i c a t e d  in  t h e  l i t e r a t u r e .  Evapora t ion  i s  a major 
mechanism o f  l o s s ,  p a r t i c u l a r l y  o f  th e  l i g h t e r  w e igh t  o i l s  (Gear ing e t  
a l . , 1979).  Mechanical (wave) a c t i o n  i s  im p o r tan t  in  th e  v o l i t a l i z a t i o n  
o f  the  l i g h t e r  hydrocarbons found in  a l l  o i l s .  Mechanical a c t i o n  a l s o  
a s s i s t s  in  t h e  phys ica l  breakdown and a e r a t i o n  o f  o i l  r e s i d u e s  ( B u t l e r  
and Levy, 1978).  Other modes o f  decomposit ion in c lu d e  s o r p t i o n  onto 
p a r t i c u l a t e  m a te r i a l  and subsequent  s e d im e n ta t io n ,  t e m p e ra tu re ,  pho to ­
chem ica l ,  and macrofaunal d e g ra d a t io n .
The f i r s t ,  s o r p t io n  o f  hydrocarbons onto p a r t i c u l a t e  m a t t e r  may 
a c t u a l l y  de lay  d e g ra d a t io n .  Indeed , when p a r t i c u l a t e  m a t t e r  becomes 
in c o r p o r a t e d  i n t o  sed im en ts ,  hydrocarbons the reon  seem to  undergo very 
l i t t l e  change over  long p e r io d s  of  t ime (Gearing e t  a l . , 1979) .  
F a r r in g to n  e t  a l . (1980) de termined t h a t  th e  a rom at ic  hydrocarbons  may
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remain in  sed im ents  a t  high c o n c e n t r a t i o n s .  However, o t h e r  workers  such 
as  Delaune e t  a l . (1980) found t h a t  hydrocarbon d e g ra d a t io n  in  sedim ents  
i s  g r e a t e r  in  t h e  o x id iz e d  s u r f a c e  l a y e r s .  Law (1981) found t h a t  hydro­
carbon c o n c e n t r a t i o n s  were h ig h e r  in  sed im ents  with  th e  f i n e s t - s i z e d  
p a r t i c l e s .  So, i t  appears  t h a t  s o r p t i o n  o f  hydrocarbons has a d e g r a t iv e  
f u n c t i o n  p r i m a r i l y  w h i le  t h e  p a r t i c l e s  a re  suspended in  t h e  w a ter  
column, or  a t  l e a s t  in  some way exposed t o  a e r o b ic  breakdown. 
B io d eg rad a t io n  i s  r e t a r d e d  in  s u b - s u r f a c e  sed im ents  (Sammut and 
N i c k l e s s ,  1978).
Tempera ture  p lay s  an im p o r tan t  r o l e  in  a l l  breakdown mechanisms. 
B io d eg rad a t io n  of  hydrocarbons  i n c r e a s e s  w i th  i n c r e a s i n g  tem p e ra tu re  
(Gear ing e t  a l . , 1979) .  B a c t e r i a l  growth,  p h o to - o x i d a t io n ,  e v ap o r a t io n  
a r e  a l l  enhanced with  i n c r e a s i n g  w a te r  t e m p e ra tu res  (Cheung e t  a l . ,
1979).  Because o f  t h i s ,  o i l  l i n g e r s  lo n g e r  in  low tem pera tu re  
env i ronm en ts ,  and tends  to  be more t o x i c  to  marine an im als  (Korn e t  a l . ,
1979).  Gordon e t  a l . (1973) e s t a b l i s h e d  th e  i n v e r s e  r e l a t i o n s h i p  
between c o n c e n t r a t i o n s  o f  o i l  i n  sea  w a te r  and t e m p e ra tu re ,  under 
l a b o r a t o r y  c o n d i t i o n s .
L i g h t ,  o r  photochemical r e a c t i o n s ,  a l s o  e x e r t s  a s i g n i f i c a n t  
i n f l u e n c e  upon th e  d e g ra d a t io n  o f  pe t ro leum hydrocarbons  in  a q u a t i c  
sys tem s .  K e ize r  and Gordon (1973) found t h a t  t h e  p e r c e n t  recovery  of 
t o t a l  hydrocarbons  in  a sample was g r e a t l y  reduced  when s t o r e d  a t  room 
t e m p e ra tu re  in  l i g h t e d  c o n d i t i o n s  (only  20% recovery  vs .  95-98% recovery  
in  dark s t o r a g e ,  r e g a r d l e s s  o f  t e m p e r a t u r e ) .  S ch e ie r  and Gominger
(1976) d i s co v e re d  t h a t  w a te r  e x t r a c t s  o f  No. 2 Fuel o i l  which were p r e ­
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pared  in  t h e  l i g h t  were more t o x i c  t o  f i s h  and i n v e r t e b r a t e s  than 
e x t r a c t s  p repa red  in  d a rk n e ss .  LaCaze and V i l ledon  de Naide (1976) 
found t h a t  crude  o i l  t o x i c i t y  r i s e s  c o n s id e r a b ly  in  th e  p resence  o f  an 
o i l  d i s p e r s a n t  ( e . g . ,  C o r e x i t - 8 6 6 ) and l i g h t  exposure  w i l l  double the  
t o x i c i t y  o f  the  m ix tu re .  Nagata and Kondo (1977) s t a t e  t h a t  pho to ­
i r r a d i a t i o n  decomposes c e r t a i n  a rom at ic  hydrocarbons ,  which a re  o r d i ­
n a r i l y  f a i r l y  immune t o  t h e  o t h e r  f o r c e s  o f  d e g ra d a t io n .
The l a s t  major method o f  breakdown i s  in  macrofaunal i n t e r a c t i o n  
w i th  o i l .  Most marine o rgan ism s ,  when exposed t o  o i l  d i s s o lv e d  in  th e  
w a te r  column, in  p a r t i c u l a t e  form, o r  in  th e  sed im en ts ,  possess  v a r io u s  
pathways o f  up take .  There i s  a wide range of  s e n s i t i v i t y  to  h y d ro c a r ­
bons by marine  l i f e ,  o f t e n  va ry ing  with  t e m p e ra tu re ,  th e  s t a t e  o f  the  
compound i n g e s t e d ,  l e n g th  o f  exposure ,  e t c .  (Korn e t  a l . , 1979).
Chemistry  and T o x i c i t y  o f  Oil Breakdown
As more i s  l e a r n e d  about  th e  decomposit ion o f  o i l ,  a t t e m p ts  to  simu­
l a t e  s p i l l  c o n d i t i o n s ,  l a b o r a t o r y  exper im ents  in v o lv in g  o i l - w a t e r  mix­
t u r e s ,  and, i m p o r t a n t l y ,  s t o r a g e  o f  samples ,  must in c lu d e  p r e c a u t io n s  to  
p r e v e n t  u n d e tec te d  changes from o c c u r r i n g .  To do t h i s  i t  has been 
e s s e n t i a l  to  r e a l i z e  t h e  p ro ce ss  o f  o i l  d e g ra d a t io n  in  sea  w a te r .
B r i e f l y ,  once o i l  i s  exposed t o  sea w a te r ,  a p p a r e n t ly  the  f i r s t  p ro ­
d u c ts  t o  s e p a r a t e  ou t  a r e  th e  l i g h t e r  a l i p h a t i c  (no n - r in g )  compounds, 
mostly  by v o l a t i l i z a t i o n  (Nunes and B e n v i l l e ,  1979; and Gearing e t  a l . ,
1979) .  The a rom at ic  ( r i n g )  hydrocarbons  a re  more w a te r  s o lu b le  than  th e  
p a r a f f i n i c  ( a lkane)  hydrocarbons .  The p a r a f f i n i c s  seem t o  be p r e f e r e n -
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t i a l l y  a t t a c k e d  by microorgan isms  r e s u l t i n g  in  a p r e v a l e n c e  o f  th e  
d i s s o l v e d  a ro m a t i c s  (Nunes and B e n v i l l e ,  1979).
The a ro m a t ic  f r a c t i o n s  acco u n t  f o r  22-30% by mass o f  c rude  o i l  
(Henning, 1979) and t h i s  p e rc e n ta g e  i n c r e a s e s  in  th e  more r e f i n e d  o i l s  
(Nunes and B e n v i l l e ,  1979) .  Anderson e t  a l . (1974b) found t h a t  t h e  
a l i p h a t i c  a lk an e s  d i s a p p e a r  more r a p i d l y  than  does th e  a ro m a t ic  f r a c ­
t i o n .  The l i g h t e r  a r o m a t i c s  t e n d  t o  degrade  r a p i d l y  (Lee ,  1977) u n l e s s  
they  become t i e d  up w i th  p a r t i c l e s  and t h e  s ed im en t ,  where ,  in  reduced  
c o n d i t i o n s ,  t h e r e  i s  l i t t l e  o r  no breakdown o f  t h e s e  l i g h t  a ro m a t ic s  
(Sammut and N i c k l e s ,  1978; and D e la u h e , e t ^ a ^ , 1 9 8 0 ) .  The a r o m a t i c ,  
n a p th a l e n e ,  a p o l y c y c l i c  a ro m a t i c  hydrocarbon (PAH) was found t o  p e r s i s t  
i n  w a te r  s o l u b l e  f r a c t i o n s  (WSF) p r e p a r e d  by Anderson e t  a l . , (1974b) .  
The l i t e r a t u r e  r e p o r t s  c o n s i s t e n t l y  low d e g r a d a t io n  r a t e s  w i th  t h e  
h i g h e r  w e ig h t  a ro m a t i c s  (Teal e t  a l . , 1978) ,  p a r t i c u l a r l y  t h e  PAHs 
(Z o b e l l ,  1969; and Lee ,  1977) .  Th is  i s  o f  i n t e r e s t  because  t h e  a ro m a t i c  
f r a c t i o n  o f  o i l  i s  h ig h ly  t o x i c  t o  a wide v a r i e t y  o f  marine  a n im a l s ,  
(Nunes and B e n v i l l e ,  1979) and p a r t i c u l a r l y  t h e  PAHs which have been 
shown t o  be c a r c i n o g e n i c  ( Z o b e l l ,  1969) .  PAHs a l s o  have been shown t o  
accumula te  i n  t h e  t i s s u e s  o f  v a r i o u s  marine  s p e c i e s ,  p a r t i c u l a r l y  bottom 
f e e d in g  f i s h  (Sammut and N i c k l e s ,  1978) .
Because t h e  a r o m a t i c  n a p th a l e n e  groups a p p e a r  in  h igh  c o n c e n t r a t i o n s  
i n  WSFs o f  both c ru d e  and fu e l  o i l s  (W in te rs  and P a r k e r ,  1977) ,  a s  well  
as  p e r s i s t  i n  s p i l l  sed im en ts  (Teal e t  a l . , 1978) ,  t h i s  has  been th e  
group most o f t e n  m on i to red  by i n v e s t i g a t o r s  i n t e r e s t e d  in  l o n g - t e r m ,  
lo w - le v e l  exposure  o i l  p o l l u t i o n  e x p e r im e n t s .
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F u r th e rm o re ,  s i n c e  n a t u r a l l y  o c c u r r i n g  a ro m a t ic  s u b s t a n c e s  in  t h e  
marine env i ronm ent  a r e  r a r e ,  n a p th a l e n e / a r o m a t i c  d e t e c t i o n  i s  a good 
c r i t e r i o n  o f  o i l  p o l l u t i o n  (Blummer and S a s s ,  1972; and Henning,  1979).  
Non-hydrocarbon compounds c o n t a i n i n g  a ro m a t ic  s t r u c t u r e s  such as  c e r t a i n  
amino a c i d s  and humic and f u l v i c  a c i d s ,  p r e s e n t  in  sea  w a t e r ,  a r e  e i t h e r  
n o t  e x t r a c t e d  o r  a r e  no t  d e t e c t e d  by th e  o i l  a n a l y s i s  in  use  today  
(K e ize r  and Gordon, 1973) .  O ther  b io g e n ic  hydrocarbons  e x i s t  main ly  in 
a p r e f e r r e d  m o le c u la r  s i z e  w i th  a predominance o f  o d d - c h a i n - l e n g t h  mole­
c u l e s ,  (Wakeham, 1976) and a consp icuous  lack  o f  t h e  n ap th en o a ro m a t ic  
hydrocarbons  t h a t  a r e  abundant in  pe t ro leum  ( F a r r i n g t o n ,  1980) .
However, even w i th  t h e  c u r r e n t  t e c h n iq u e s  in  use  to d a y ,  a n a l y s i s  o f  low 
c o n c e n t r a t i o n s  o f  hydrocarbons  (below 2 j i g / l i t e r )  must be m i s t r u s t e d ,  
because  i t  i s  s t i l l  unknown what i s  be ing  measured: c o n ta m in a t i o n  o f
g l a s sw a re ,  b i o g e n i c s ,  o r  pe t ro leum  r e s i d u e s  (K e ize r  and Gordon, 1973).
A n a ly t i c a l  Techn iques  in  Hydrocarbon Research
I n v e s t i g a t o r s  have s e t t l e d  mainly upon t h r e e  major modes o f  quan­
t i f i c a t i o n  o f  o i l  i n  sea  w a te r :  (1) i n f a r e d  a b s o r p t i o n  (IR) s p e c t r o ­
photometry (Anderson e t  a l . , 1974a, 1974b; B o t t  and Rogenmuser,  1978; 
and Cheung e t  a l . , 1979) ,  (2) u l t r a v i o l e t  (UV) a b s o r p t i o n  s p e c t r o p h o t o ­
metry (Levy, 1972; Neff  and Anderson, 1975; Rice e t  a l . , 1977; Brown and 
S t e a r n e s ,  1 9 7 8 ; Henning, 1979; and Sen Gupta e t  aK_, 1980) and (3) 
f l u o r e s c e n t  s p ec t ro p h o to m e t r y  (K e iz e r  and Gordon, 1973; Gordon and 
K e ize r ,  1974; Gordon e t  a l . , 1974; F rank ,  1975; Hargrave  and P h i l l i p s ,  
1975; Rice e t  a l . , 1976; Gordon e t  a l . , 1978; Payne e t  a l . , 1978a; 
F l e t c h e r  e t  a l . ,  1981; and Law, 1981).
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In c h a r a c t e r i z i n g  s p e c i f i c  hydrocarbons  in  sea  w a te r ,  v a r i o u s  c h r o ­
m atograph ic  t e c h n i q u e s  have proven i n v a l u a b l e :  column chromatography,
(Nunes and B e n v i l l e ,  1978; and S h c h e k a t u r i n a ,  1978) ,  and gas chroma­
to g ra p h y ,  (Boylan and T r i p p ,  1971; Levy, 1972; O a s t i l l u n g  and A l b r e c h t ,  
1976; Berdugo e t  a l . , 1977; Brown and S t e a r n e s  1978; and Law, 1978).
High p r e s s u r e  l i q u i d  chromatography (HPLC) i s  a l s o  employed ( F a r r i n g t o n ,  
1980) ,  as a r e  most o f  t h e  ch rom atog raph ic  t e c h n i q u e s  t h a t  a re  in  use 
to d a y .  Mass sp ec t ro m e t ry  i s  combined w i th  t h e  above-mentioned  t e c h ­
n iques  t o  f i n e - t u n e  t h e  i d e n t i f i c a t i o n  o f  s p e c i f i c  hydrocarbons  
( F a r r i n g t o n ,  1980) .  Another method r e c e n t l y  deve loped  to  c h a r a c t e r i z e  
hydrocarbons  i s  v ia  c h a r g e - t r a n s f e r  polymers  ( B a n c r o f t  e t  a l . , 1979) .
C l e a r l y ,  o i l  p o l l u t i o n  a n a l y s i s  has  p r o g r e s s e d  g r e a t l y  from t h e  
e a r l i e r  d e t e r m i n a t i o n s  o f  " t o t a l  g r e a s e  and o i l "  a p p l i e d  p r i o r  t o  t h e  
l a t e  1960s ( F a r r i n g t o n ,  1980) .
F l u o r e s c e n t  sp ec t ro p h o to m e t ry  i s  a t e c h n i q u e  which can p i n p o i n t  t h e  
genera l  c l a s s i f i c a t i o n  o f  hydrocarbon be in g  measured ( e . g . ,  l i g h t  
a ro m a t i c s )  v i a  peak l o c a t i o n s  (Gordon and K e i z e r ,  1974) .  The s e n s i t i v ­
i t y  o f  IR and UV s p e c t r a  have been found t o  be an o r d e r  o f  magnitude  
l e s s  than  t h a t  o f  f l u o r e s c e n t  s p e c t r a  (K e iz e r  and Gordon, 1973) .  I t  has 
been s e l e c t e d  as  th e  a n a l y t i c a l  method f o r  an i n t e r n a t i o n a l  IGOSS 
( I n t e g r a t e d  Global Ocean S t a t i o n  System) o i l  p o l l u t i o n  m o n i to r in g  
program (Law, 1981) .
General  drawbacks to  t h i s  method i n c l u d e :  (1) u n c e r t a i n t y  o f  what
t o  use as  a s t a n d a r d ;  (2) b i o g e n i c  hydrocarbon  i n t e r f e r e n c e ;  and (3) t h e
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p o s s i b i l i t y  o f  f l u o r e s c e n t  c h a r a c t e r i s t i c s  o f  o i l  changing  d u r in g  
w e a th e r in g .  T h e r e f o r e ,  hydrocarbon c o n c e n t r a t i o n  d e t e r m i n a t i o n s  cou ld  
v a r y ,  and can r e p r e s e n t  only e s t i m a t e s  (Gordon and K e i z e r ,  1974) .
Toxic E f f e c t s  o f  Hydrocarbons on A q ua t ic  Organisms 
With i n t e r e s t  s h i f t i n g  from c h r o n ic  l e t h a l  exposu res  t o  t h e  more 
r e a l i s t i c  lo w - le v e l  exposu re  s t u d i e s ,  ( e . g . ,  G i l f i l l a n  e t  a l . , 1977; 
Percy and M u l l in ,  1977 ,  V a nderho rs t  e t  a l . , 1977; and Grushko e t  a l . , 
1978) ,  two major a r e a s  o f  s tudy emerged: (1) t h e  e c o l o g i c a l / s y s t e m
approach ;  and ( 2 ) t h e  p h y s i c a l / b e h a v i o r a l  a s p e c t s  o f  o i l  p o l l u t i o n  
im pac ts  on o rgan ism s .
Because o f  t h e  complex i n t e r a c t i o n s  i n v o lv e d ,  r e l a t i v e l y  few s t u d i e s
o f  o i l  e f f e c t s  on whole ecosys tems  have been com ple ted .  The 1980
F l o r i d a  s tudy (S an d e rs  e t  a l . ) and th e  T s e s i s  o i l  s p i l l  im pac t  a n a l y s i s  
(Linden e t  a l . , 1979) a r e  examples .  These s t u d i e s  d e m o n s t r a t ed  t h e  need 
f o r  c a r e f u l l y  conduc ted  lo n g - t e r m  i n t e r d i s c i p l i n a r y  s y s t e m a t i c  s t u d i e s .
P h y s i c a l / b e h a v i o r a l  changes  in  marine  o rg a n i sm s ,  i n  r e s p o n se  t o  t h e  
p r e s s u r e s  o f  o i l  p o l l u t i o n ,  has become a p a r t i c u l a r l y  d e t a i l e d  a r e a  o f  
r e s e a r c h  in  r e c e n t  y e a r s .  Reviews o f  t h i s  r e s e a r c h  may be found in  
Blummer (1 9 7 2 a ) , Mironov (1 972) ,  Moore and Dwyer (1 974) ,  Anderson (1 9 7 5 ) ,  
and Grushko e t  a l . , (1 978) .
Oil Impacts  on Bony F ish
All  s t a g e s  o f  t h e  l i f e  c y c l e  o f  bony f i s h e s  ( C l a s s :  O s t e i c h t h y e s )
have been a d d r e s s e d  i n  te rms  o f  t h e  p h y s i c a l  im pac ts  o f  o i l  p o l l u t i o n .  
Eggs a r e  t h e  most r e s i s t a n t  o f  t h e  l i f e  s t a g e s  t o  t h e  e f f e c t s  o f  o i l .
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However, Rice e t  a l . (1975) found t h a t  as th e  eggs of  th e  pink salmon, 
(Qncorhynchus g o rbuscha ) become o l d e r ,  t h e i r  r e s i s t a n c e  t o  o i l  
d im in i s h e s .  At c o n c e n t r a t i o n s  as low as 1 0 - 5 m l / I i t e r  of  o i l ,  egg 
ha tch in g  in  th e  Black Sea f l o u n d e r ,  ( Rhombus m a e o t i c u s ) i s  de layed  and 
becomes i r r e g u l a r  (Mironov, 1967).  Kunhold (1978) observed  a dec rea se  
in  th e  h e a r t  development r a t e  w i th in  h e r r i n g  (Clupea h a re n g u s ) eggs 
exposed t o  o i l  a t  100 ppb. He a l s o  noted  a lo s s  o f  egg buoyancy and a 
dec rea se  in  s u rv iv a l  t ime  with  lo n g e r  exposures  t o  pe t ro leum  h y d ro c a r ­
bons.  In t h e i r  review o f  f i s h  e g g /o i l  t o x i c i t y  r e s e a r c h ,  Anderson e t  
a l . , (1977) noted t h a t  eggs o f  seve ra l  e s t u a r i n e  f i s h  s p e c i e s  were more 
r e s i s t a n t  than  o t h e r  developmental  s t a g e s  to  o i l  d i s p e r s a n t  t o x i n s ,  
b u t  they have a d ec rea se  in  a c t i v i t y  and h a tch in g  t im e ,  and a l o s s  of 
pigment upon exposure  t o  o i l .  Also,  they found t h a t  o i l  i n t e r f e r e s  with  
melanin p ro d u c t io n  and th e  membrane s t r u c t u r e  o f  t h e  egg. This  i s  sup­
p o r t e d  by Longw el l ' s  (1978) o b s e r v a t io n  o f  o i l  con tam in a t io n  o f  th e  
chor ion  in  cod (Gadus s p . ) and p o l la c k  ( P o l l a c h i u s  s p . ) eggs .  Longwell 
(1977) ,  and Anonymous, (1980) found t h a t  o i l  i n t e r f e r r e d  with  chromo­
somal d i v i s i o n  in  cod eggs.
In an overview of  many f i s h  s p e c i e s  c u r r e n t l y  undergoing r e s e a r c h ,  
Macek and S l e i g h t  (1977) i d e n t i f y  t h e  emerging f i s h  em bryo / la rva l  s t ag e  
as  the  c r i t i c a l  l i f e  s t a g e  in  o i l  s u s c e p t i b i l i t y .  Th is  was confi rmed 
with  h e r r i n g  and f l a g f i s h  h a tch es  (Kunhold,  1969; E ld r id g e  e t  a l . , 1977; 
Smith and Cameron, 1979; and Hedtke and P u g l i s i ,  1980).  Anderson e t  a l .
(1977) ,  however, found t h a t  s u s c e p t i b i l i t y  o f  s ev e ra l  e s t u a r i n e  f i s h  
s p e c i e s  t o  o i l  t o x in s  i n c r e a s e d  with  i n c r e a s e d  age ( i . e . ,  f r y  were more
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s u s c e p t i b l e  to  Prudhoe Bay crude  o i l  than  were l a r v a e ) .  They a l s o  
no ted  s p i r a l  swimming, s u r f a c e - s i n k i n g  movements, and f i n  and v e r t e b r a l  
d e t e r i o r a t i o n  in  l a r v a e  exposed t o  o i l  and o i l  d i s p e r s a n t s .  Oil e f f e c t s  
on th e  l a t e r  s t a g e s  ( f r y ,  a l e v i n s ,  e t c . )  of  pink salmon, 0 . g o rbuscha , 
were encoun te red  in  work by Rice e t  al ♦, (1975 and 1977).
A dul t  O s te ic h th y e s  form th e  framework f o r  much o f  the
p h y s i c a l / b e h a v i o r a l  systems now under s tu d y .  D esp i te  d i f f i c u l t i e s  in
u s ing  f i s h e s  as exper im enta l  a n im a ls ,  g r e a t  s t r i d e s  have been made in 
th e  p a s t  10  y e a r s  in  u s ing  f i s h e s  t o  study e f f e c t s  o f  o i l  p o l l u t i o n .  
Overviews of  the  p h y s i c a l / b e h a v i o r a l  i m p l i c a t i o n s  o f  o i l  on f i s h e s  may 
be found in  Grushko e t  a l . , (1978) ;  Kovaleva and Mazmanidi, (1978) ;  
Gardner ,  (1978);  and Mai in s  e t  a l . , (1979) .
Labora tory  Analyses  o f  B io lo g ic a l  Impacts o f  Oil
There  a re  seve ra l  s t r a t e g i e s  f o r  i n v e s t i g a t i n g  th e  e f f e c t s  o f  o i l  
p o l l u t i o n  on marine organ isms.  F i e l d  s t u d i e s  o f  o i l  s p i l l s  o r  a r e a s  o f  
ch ro n ic  pe tro leum i n p u t  a re  im p o r tan t  because they use  " r e a l  world" 
samples .  Such samples a re  o f t e n  d i f f i c u l t  to  o b t a i n .  Labora to ry  bench
s t u d i e s  p rov ide  a high degree of  c o n t ro l  over  one or  two p ro c e s s e s  so
t h a t  r e a c t i o n s  and r a t e s  can be measured w ith  g r e a t  accu racy .  They a re  
l i m i t e d ,  however,  in  th e  number of  i n t e r a c t i n g  p ro c e sse s  which can be 
r e a l i s t i c a l l y  s im u la ted  (Gearing e t  a l . , 1979).  The obvious need i s  f o r  
exper im ents  i n t e r m e d ia t e  in  c h a r a c t e r  between th e  l a b o r a t o r y  and f i e l d .  
Good overviews of  th e  v a r i e t y  o f  i n t e r m e d i a t e  methods t h a t  have been 
employed in  th e  l a b o r a t o r y  t o  d a te  may be found in  Gordon e t  a l . ,
(1973) ,  Anderson, (1975) ,  and F a r r i n g t o n  e t  a l . ,  (1980) .
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Water S o lub le  F r a c t i o n s  o f  Oil Because pe t ro leum hydrocarbons and 
t h e  a rom at ic  f r a c t i o n s  in  p a r t i c u l a r  (Nunes and B e n v i l l e ,  1979),  have 
been shown t o  be p a r t i a l l y  s o lu b le  in  w a te r  (McAul if fe ,  1966) much of  
t h e  most r e c e n t  lo n g - t e rm  low - leve l  l a b o r a t o r y  o i l  a n a ly se s  have 
invo lved  what i s  c a l l e d  t h e  w a t e r - s o l u b l e  f r a c t i o n ,  or  WSF. When 
speaking  o f  th e  f r a c t i o n s  o f  o i l  in  t r u e  s o l u t i o n  as  well  as those  in 
c o l l o i d a l  form o r  p a r t i c l e s  of  l e s s  than lu  in  d iam e te r ,  th e  term WAF, 
o r  w a te r  accomodated f r a c t i o n  (Gordon £ t  a l . , 1973; and Johns and 
Pechen ik ,  1980) i s  a l s o  used.  I t  i s  r e a so n a b le  t o  e x p ec t  t h a t  i t  i s  
t h a t  f r a c t i o n  o f  o i l  in  th e  w a te r  column t h a t  has a g r e a t e r  chance of 
coming i n t o  c o n t a c t  w i th  marine organ isms.  Hedtke and P u g l i s i  (1980) 
de termined t h a t  th e  m a jo r i t y  o f  lo n g - t e rm  environmental  exposures  a re  
with  the  WSF.
S t a t i c  Oil Exposure S t a t i c  systems f o r  exposure  to  WSF in c lu d e  both 
a q u a r ia  with  and w i th o u t  sed im en ts .  The WSF i n c o r p o r a t e s  i n to  sediments  
and may be s t o r e d  t h e r e  over  long p e r io d s  o f  t ime ( F a r r i n g t o n ,  1980).
The advantage  o f  a s t a t i c  system i s  t h a t ,  t h e o r e t i c a l l y ,  WSF con­
c e n t r a t i o n s  in  t h e  w a te r  column a n d /o r  t h e  sed im ents  remain c o n s t a n t  
(Reynolds e t  a l . , 1978).  The v a r i a b i l i t y  of  f low and a e r a t i o n  i s  
c o n t r o l l e d  and measurements o f  hydrocarbon c o n c e n t r a t i o n s  and degrada­
t i o n  r a t e s  a re  p r e d i c t a b l e .  Various  c h a r a c t e r i s t i c s  of  th e  WSF of o i l  
have been determined th rough  s t a t i c - s y s t e m  a n a l y s i s .  Lee e t  a l . , (1977) 
found t h a t  th e  WSF t o x i c  a rom at ic  d e p o s i t s  in  th e  sed im ents  a re  th e  more 
p e r s i s t e n t .  Anderson e t  a l . (1974b) observed  the  l o s s  of  80-90% o f  the  
WSF with 24-hour  a e r a t i o n  o f  a s t a t i c  i n - l a b  system. They a l s o  found
t h a t  th e  a lkanes  d i s ap p e a re d  from th e  o i l - i n - w a t e r  d i s p e r s i o n s  more 
r a p i d l y  than th e  a r o m a t i c s .
Many s t a t i c  s t u d i e s  invo lved  t h e  m o n i to r ing  o f  hydrocarbon con­
c e n t r a t i o n s  over  t ime (Cucci and Ep i fano ,  1979; Thomas e t  a l . , 1980; and 
Axiak and S a l i b a ,  1981).  In t h i s  way s tan d a rd s  f o r  exposure  were 
e s t a b l i s h e d .  Another s t a n d a r d ,  mean t o l e r a n c e  l i m i t s  (TLm) has been 
e s t a b l i s h e d  with  t h e  use of  s t a t i c  b i o a s s a y s .  The TLm e s t a b l i s h e s  
l i m i t s  to  t ime and c o n c e n t r a t i o n s  o f  exposure  f o r  p a r t i c u l a r  organisms 
(Rice e t  a l . , 1976; and Moles e t  a l . , 1979).  S t a t i c  s e t - u p s  have 
e s t a b l i s h e d  which organs  and t i s s u e s  o f  f i s h  a re  most s u s c e p t i b l e  to  
damage o r  hydrocarbon accumula t ion  from exposure  t o  WSFs o f  o i l  (Rice e t  
a l . , 1975; Anderson e t  a l . , 1977; Rice e t  a l . , 1977; Gardner ,  1978; 
Thomas e t  a l . , 1980; and Axiak and S a l i b a ,  1981).  S t a t i c  systems have 
proven pop u la r  f o r  use in  exposure  s t u d i e s ,  b u t  t h e r e  a r e  i n h e r e n t  d i f ­
f i c u l t i e s  with  them in  t h e  case  o f  lo n g - te rm  e x posu res .  During the  
cou rse  of  exposure ,  t h e  hydrocarbon c o n t e n t  o f  t h e  WSF d e c r ea se s  as 
d e g r a d a t iv e  p ro c e s se s  proceed .
Flow-Through Oil Exposure Flow-through systems c i rcumvent  many of 
t h e se  problems. A con t inuous  supply o f  WSF i s  in t ro d u ce d  a t  a c o n s t a n t  
r a t e  over th e  e n t i r e  exposure  p e r io d .  Moreover,  t h e r e  i s  v i r t u a l l y  no 
accumula t ion  o f  e x c r e to r y  p roduc ts  which may induce adverse  s id e  e f f e c t s  
u n r e l a t e d  t o  t h e  t e s t  (Roubal e t  a l . , 1977).  Flow-through exper iments  
more c l o s e l y  approximate  th e  " rea l  world" v a r i a t i o n s  with  r e s p e c t  to  o i l  
exposure .  This i s  a t  t h e  expense o f  l o s i n g  c o n t r o l  over  some o f  the  
v a r i a b l e s  t h a t  a re  he ld  c o n s t a n t  in  s t a t i c  sys tem s ,  however.
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Flow-through systems have been used e x t e n s i v e l y  in  s tu d y in g  WSF 
exposures  to  f l o u n d e r s  and o t h e r  organisms t h a t  l i v e  in  t h e  sed im en ts ,  
because  they tend  to  do b e t t e r  in  dynamic systems (McCain e t  a l . , 1978; 
V anderhors t  e t  a l . , 1976; Derby and Atema, 1981 and Khan e t  a l . , 1981).  
F low-through s e t - u p s  have a l s o  proven t o  be use fu l  in  m on i to r in g  lo n g ­
te rm exposures  to  o i l  as  i t  ages ,  as  a s l i c k ,  or  in  t h e  sediments  (Payne 
e t  a l . 1978a; and Kiceniuk e t  a l . , 1980).
Types o f  Oil Under Study
A v a r i e t y  of  th e  d i f f e r e n t  d e r i v a t i v e s  o f  th e  v a r io u s  crude o i l s  
have been used in  t o x i c o l o g i c a l  i n v e s t i g a t i o n s ,  i n c lu d in g  c rude  o i l s ,  
t h e  v a r io u s  f r a c t i o n s  (No. 6 th rough  No. 2 fu e l  o i l s ) ,  f r a c t i o n s  of 
f r a c t i o n s  (benzene,  to lu e n e ,  n a p th a l en e ,  heavy m e ta l s )  and even used 
c ran k case  o i l s  (which have been shown to  be h igh ly  mutagenic  (Payne e t  
a l . , 1978b).  Often ,  th e  s e l e c t i o n  o f  which o i l  type  t o  use  i s  p r e d e t e r ­
mined by an o i l  s p i l l .  S tu d i e s  o f  th e  e f f e c t  of t h a t  p a r t i c u l a r  o i l  and 
i t s  e f f e c t s  on ecosystems and organisms ensues  ( e . g . ,  No. 2' fu e l  o i l ,  
p o s t  F l o r i d a  s p i l l  (Sanders  e t  a l . , 1980) and Bunker C o i l  in  Chedabucto 
Bay fo llowng the  Arrow s p i l l  (K e ize r  e t  a l . , 1978)) .
In t h e  p a s t  decade ,  a t t e m p ts  have been made t o  s t a n d a r d i z e  t h e  o i l  
ty p e s  used in  o i l  to x ic o lo g y  ex p e r im en t s .  The American Pe troleum 
I n s t i t u t e  (API) now d i s t r i b u t e s  v a r io u s  o i l s  which a re  p rean a ly zed  and 
p ro v id e  some u n i fo r m i ty  among the  v a r io u s  l a b o r a t o r i e s  invo lved  in  s im i ­
l a r  s t u d i e s .  However, th e  API o i l s  have sometimes been in  s h o r t  supp ly ,  
cau s in g  i n v e s t i g a t o r s  to  tu r n  t o  more r e a d i l y  a v a i l a b l e  lo c a l  o i l  
s u p p l i e s  which would a s s u r e  no i n t e r r u p t i o n  in  t h e  u n i fo r m i ty  o f  t h e i r
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exper im en ta l  e x p o su re s  ( e . g . ,  Gearing e t  a l . , 1979) .
Number 2 Fuel v s .  Crude Oil
Number 2 fu e l  o i l  and c rude  o i l  a r e  most commonly in v o lv e d  in  o i l  
s p i l l s  r e s u l t i n g  in  exposure  t o  l a r g e  numbers o f  organisms ( E l l e n t o n ,
1980).  I t  f o l l o w s  t h a t  No. 2 fu e l  o i l  and c rude  o i l s  a r e  a l s o  t h e  most 
f r e q u e n t l y  t r a n s p o r t e d  forms o f  p e t ro leu m ,  and so i t  i s  t h e s e  o i l  t y p e s  
t h a t  a re  more f r e q u e n t l y  d i s c h a rg e d  in  normal o p e r a t i n g  p ro c e d u re s  
( b i l g e  c l e a n i n g ,  i n t e n t i o n a l  d i s c h a r g e s ,  r u n o f f ,  e t c . )  in  a d d i t i o n  t o  
t h e  more d ram a t ic  s p i l l s .
Some o f  t h e  c ru d e  o i l  ty p e s  most f r e q u e n t l y  in v o lv e d  in  f i s h -  
t o x ic o lo g y  e x p e r im e n t s  i n c l u d e :  Prudhoe Bay c rude  (Rice e t  a l . , 1975) ,
Cook I n l e t  c ru d e  (R ice  e t  a l . , 1977) ,  N ig e r i a n  c ru d e  ( B o t t  and 
Rogenmuser, 1978) ,  Kuwait  c rude  (Bolyn and T r i p p ,  1971) ,  South  L o u i s i a n a  
c rude  (Anderson e t  a l . , 1977) and Venezuelan c ru d e  (Grushko e t  a l . ,
1978, and Khan e t  a l . , 1981).
Crude o i l  i s  o f t e n  used  in  both.WSF.(Cucci  and E p i f a n o ,  1979) and 
s e d im e n t - c o n ta m in a t io n  ( R o e s i j a d i  e t  a l . , 1978) lo n g - t e r m  e x p e r im e n t s .  
The d i f f e r e n t  c ru d e  o i l s  have d em ons t ra ted  a wide v a r i e t y  o f  e f f e c t s  on 
bony f i s h  (Anderson e t  a l . , 1977) .  Often  c rude  o i l s  a l s o  i n t r o d u c e  th e  
added t o x i c i t y  o f  heavy m e ta l s  i n t o  t h e  e x p e r im en ta l  systems (G a rd en e r ,  
1978).  For example,  Venezue lan  c rude  o i l  c o n t a i n s  484 m g / l i t e r  vanadium 
v s .  75 m g / l i t e r  i n  I r a n i a n  c rude  o i l  (Grushko e t  a l . , 1978) .  However, 
s i n c e  many o f  t h e  heavy m e ta l s  w i l l  n o t  go i n t o  s o l u t i o n ,  t h e  WSF o f  
c rude  o i l s  may be used  t o  e l i m i n a t e  t h e  heavy m e t a l s .  Venezualen c ru d e
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o i l  c o n t a i n s  35% arom at ic  compounds by weigh t  (Hargrave  and P h i l l i p s ,  
1975).
Number 2 fu e l  o i l s  have r e c e iv e d  wide a t t e n t i o n  in  t h e  o i l  p o l l u t i o n  
l i t e r a t u r e .  Number 2 fue l  o i l s  have been demonst ra ted  to  be more t o x i c  
than  crude  o i l  to  a v a r i e t y  o f  s p e c i e s ,  i n c lu d in g  marine f i s h e s  
(V anderho rs t  e t  a l . , 1977).  This  c o in c i d e s  with a h ig h e r  p ro p o r t i o n  of  
a rom at ic  hydrocarbons in  No. 2 fue l  o i l s  ( Z o b e l l ,  1969).  A problem t h a t  
e x i s t s  in  u s ing  No. 2 fue l  o i l s  i s  t h a t  they a re  more h igh ly  s u s c e p t i b l e  
t o  l o s s  through d e g ra d a t io n  than  a r e  th e  more v iscous  crude  o i l s  (Gordon 
e t  a l . , 1975).  T h e re fo re ,  f r e q u e n t  q u a n t i t a t i v e  m o n i to r ing  and r e p l a c e ­
ment i s  necessa ry  to  s im u la te  lo n g - t e rm  exposures  (V anderho rs t  e t  a l . , 
1977).
Some of  the  more r e c e n t  s t u d i e s  in v o lv in g  marine f i s h e s  and No. 2 
fue l  o i l s  in c lu d e  those  by Rice e t  a l . , (1976) who found t h a t  No. 2 fue l  
o i l  i s  more t o x i c  to  Alaskan marine f i s h e s  than i s  t h e  c rude  o i l  from 
which i t  was f r a c t i o n a t e d ;  and Fingerman e t  a l . , in  1980 no ted  a 
s y n e r g y s t i c  e f f e c t  between No. 2 fue l  o i l  and o i l  d i s p e r s a n t s  in cau s in g  
i n c r e a s e d  i n t e r f e r e n c e  with  f i n  r e g e n e r a t i o n  in  Fundulus  g r a n d i s .
Oil and Genet ic  Toxicology
Because pe troleum c o n ta in s  complex m ix tu res  o f  p o l y c y c l i c  a rom at ic  
hydrocarbons  (PAH), and PAH have been h i s t o r i c a l l y  l i n k e d  w i th  cance r  
and mutagenes is  (Payne e t  a l . , 1979),  t h e r e  has been a need t o  a s s e s s  
th e  mutagenic  p o t e n t i a l  o f  pe t ro leum t h a t  e n t e r s  the  a q u a t i c  e n v i r o n ­
ment.
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The f i e l d  o f  g e n e t i c  to x ico lo g y  i s  a r e l a t i v e l y  new one which grew 
o u t  of  th e  s t u d i e s  of  chemical mutagenes is  and modern t o x i c o lo g y .
G ene t ic  to x ic o lo g y  i d e n t i f i e s  and a n a ly zes  t h e  a c t i o n  o f  agen ts  with 
t o x i c i t y  towards the  h e r e d i t a r y  components o f  l i v i n g  systems. I t  i s  
s p e c i f i c a l l y  concerned with  a g en ts  t h a t  produce d e l e t e r i o u s  e f f e c t s  in 
chromosomes a t  s u b to x ic  c o n c e n t r a t i o n s ,  a cco rd ing  to  B ru s ick ,  (1980) .
H is to ry  o f  Genet ic  Toxicology
The h i s t o r y  o f  g e n e t i c  to x ic o lo g y  has been d e t a i l e d  by Brusick  
(1980) .  He i n d i c a t e d  t h a t  th e  o r i g i n s  o f  t h i s  d i s c i p l i n e  l i e  in  th e  
i n i t i a l  s t u d i e s  o f  gene m u t a b i l i t y  by Mulle r  in  1927 u s ing  r a d i a t i o n ,  
and by Auerbach e t  a l . (1947) u s ing  ch em ica l s .  I t  was no t  u n t i l  the  
1950s t h a t  some of  the  " h e r e d i t a r y "  d i s e a s e  observed in  human popu la ­
t i o n s  was hypo thes ized  to  be environmenta l  in  o r i g i n .  Fo llowing th e  
c h a r a c t e r i z a t i o n  of  DNA, (1953-1968) m o lecu la r  b i o l o g i s t s  developed much 
o f  t h e  in fo rm a t io n  concern ing  DNA r e p l i c a t i o n ,  th e  g e n e t i c  code,  
mechanisms of  p r o t e i n  s y n t h e s i s ,  and DNA r e p a i r  p r o c e s s e s .  Genetic  
to x ic o lo g y  was recogn ized  as  a d i s c i p l i n e  around 1969.
In t h e  p a s t  decade,  th e  major e f f o r t s  on th e  p a r t  o f  g e n e t i c  t o x i ­
c o l o g i s t s  were c o n c e n t r a t e d  in  two a r e a s :  ( 1 ) g e n e t i c  impacts  a s s o ­
c i a t e d  with  th e  p r o l i f e r a t i o n  of  m an- in t roduced  chemica ls  in  t h e  
environment ;  and (2 ) dem ons t ra t ing  a r e l a t i o n s h i p  between c a r c in o g e n e s i s  
and m u tagenes is .  In th e  e a r l y  1970s Ames and h i s  co-workers  (1975) 
developed th e  S a lm o n e l l a /mammalian microsome a c t i v a t i o n  system mutageni­
c i t y  t e s t .  Th is  t e s t  a l lowed many d i f f e r e n t  i n v e s t i g a t o r s  a s t an d a rd  
assay  which i s  h igh ly  e f f i c i e n t  in  d e t e c t i n g  ca rc in o g en s  as  mutagens.
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Kligerman (1980) r e p o r t s  t h a t  90% o f  th e  ca rc in o g en s  they have t e s t e d  
were mutagenic .  Inc luded  in  t h e  ca rc in o g en s  t h a t  have been shown t o  be 
mutagenic  a r e  p o l y c y c l i c  hydrocarbons  (Ames e t  a l . , 1975).
These t e s t s  su p p o r t  th e  somat ic  m uta t ion  theo ry  proposed by Bovari 
i n  1914 (Kl igerman, 1980).  The c u r r e n t  i n t e r p r e t a t i o n  o f  t h i s  theo ry  i s  
" t h a t  one o r  more m uta t iona l  e v en ts  in  t h e  genome o f  somat ic  c e l l s  a re  
t h e  p r i n c i p l e  f a c t o r s  r e s p o n s i b l e  f o r  c e l l u l a r  d e d i f f e r e n t i a t i o n  and 
tumor fo rmat ion"  (Kl igerman,  1980).  That i s ,  c a rc inogens  cause  cance r  
by somatic  m u ta t ion .  F u r t h e r  su p p o r t  f o r  t h i s  theo ry  i s  seen in  th e  
s tudy by Har t  and Setlow in  1975 (vn K1igerman, 1980) which demonst ra ted  
t h a t  DNA damage (by UV-induced pyr im id ine  dimers) in  t h e  c e l l s  o f  the  
gynogenet ic  f i s h ,  P o e c i l i a  formosa l e d  to  t h e  fo rmat ion  of  t h y r o i d  
carc inom as .
Chromosome A n a ly s i s  in  Toxicology
The p ro d u c t io n  o f  chromosome a b e r r a t i o n s  appea rs  t o  p a r a l l e l  c a r ­
c in o g e n i c ,  mutagenic  and t e r a t o g e n i c  p r o p e r t i e s  in  many compounds (Dean, 
1969; Evans,  1976; and Kligerman, 1980) .  Chromosome damage has been 
dem onst ra ted  with  exposure  t o  a wide v a r i e t y  o f  p h y s i c a l ,  b i o l o g i c a l  and 
chemical a g e n t s ,  i n c lu d in g  r a d i a t i o n ,  v i r u s e s ,  phys ica l  s t im u l i  and a 
wide v a r i e t y  o f  chemica ls  ( rev iewed in :  Dean, 1969; and Cohen and
H irschhorn ,  1971).  The e a r l y  exper imenta l  phases o f  g e n e t i c  tox ico lo g y  
emphasized th e  pheno typ ic  r e f l e c t i o n  o f  m u ta t iona l  e v e n t s ,  as in  th e  
Ames microsomal a s s a y .  However, in  t h e  e a r l y  1970s,  i t  was d i scove red  
t h a t  chemical agen ts  t h a t  induce  m u ta t ions  a t  s p e c i f i c  l o c i  in  a 
e u k a r y o t i c  genome i n v a r i a b l y  a l s o  produce c y t o l o g i c a l l y  r e c o g n iz a b le
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chromosome damage e x p re s sed  as  s t r u c t u r a l  changes  or  " a b e r r a t i o n s "  
(Bloom, 1972; Lega to r  e t  a l . , 1973; and Evans,  1976).  An a r r a y  o f  s h o r t  
te rm m u tag en ic i ty  t e s t  d e s ig n s  p a r a l l e l e d  t h i s  d i s c o v e ry .
C y togene t ic  S creen ing  Techniques
The e a r l i e s t  o f  t h e s e  exper im en ts  employed s t a n d a rd  s q u a s h - s t a i n  
t e c h n iq u e s  to  d e t e c t  g ross  morphological  changes in  chromosomes. The 
drawbacks o f  t h i s  t e ch n iq u e  in c lu d e  a r t i f i c i a l l y  high a b e r r a t i o n  r a t e s ,  
l o s s  of  chromosomes, d e b r i s  i n t e r f e r e n c e  and poor ly  d i s t r i b u t e d  
metaphase chromosome f i g u r e s  ( reviewed in  Kligerman,  1979a) .
Banding t e c h n iq u e s  ( f l u o r e s c e n c e ,  G-,  C-,  Q-, F - ,  and NOR) were 
be ing  developed, which p e r m i t t e d  f i n e - r e s o l u t i o n  mapping o f  t h e  c o n s t i ­
t u t i v e  h e te ro ch ro m at in  in  e u k a r y o t i c  chromosomes ( rev iewed in  Kligerman 
and Bloom, 1977a).  C o r r e l a t i o n s  have been made between th e  chromosomal 
bands and s p e c i f i c  DNA ty p es  ( e . g . ,  Pardue and G a l l ,  1970).  I t  became 
a p p a r e n t  t o  t h e  c y t o g e n e t i c i s t s  t h a t  banding p a t t e r n s  cou ld  a llow f o r  a 
more s p e c i f i c  a n a l y s i s  o f  chromosomal changes  upon exposure  t o  mutagens 
by i d e n t i f y i n g  markers  o r  " f l a g s "  on chromosomes which cou ld  be moni­
t o r e d  f o r  changes a n d /o r  d e l e t i o n s  ( rev iewed in  Comings, 1978).
Knowledge o f  DNA s t r u c t u r e ,  r e p l i c a t i o n  and th e  c h a r a c t e r i s t i c  
banding methodologies  a l lowed g e n e t i c  t o x i c o l o g i s t s  to  develop t e c h ­
n iques  t o  d e t e c t  s i s t e r  chromat id  exchange (SCE). SCE was f i r s t  
demonst ra ted  in  V ic ia  faba  by T ay lo r  in  1958. He found t h a t  i f  chromo­
somes were a l lowed t o  r e p l i c a t e  once in  c u l t u r e  in  t h e  p re sence  o f  t r i -  
t i a t e d  thym id ine ,  and then  aga in  in  t h e  absense  o f  th e  i s o t o p e ,
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a u to ra d io g ra p h s  o f  t h e  chromosomes showed t h a t  only one ch rom at id  was 
l a b e l e d  due t o  semi c o n s e r v a t i v e  r e p l i c a t i o n  o f  t h e  DNA. Symmetrical 
ch rom at id  c r o s s - o v e r s  became obv ious .  SCE does no t  r e s u l t  in  an a l t e r e d  
chromosome morphology, b u t  can be d e t e c t e d  by u s ing  au to rad io g rap h y  
(Evans,  1976) o r ,  more r e a d i l y ,  by us ing  5-bromodeoxyurid ine  (Brdll) as a 
p r e t r e a t m e n t  in  c o n ju n c t io n  w i th  the  new b a n d i n g / s t a i n i n g  t e c h n i q u e s .  
Through th e  e a r l i e r  e x p e r im en t s ,  i t  became e v i d e n t  t h a t  t h e  f requency of  
ch rom at id  exchanges  was p o s i t i v e l y  c o r r e l a t e d  with  t h e  mutagenic  hazard  
o f  chemica ls  ( rev iewed in  Kligerman and Bloom, 1976).  For c e r t a i n  
chemical mutagens,  SCE a n a l y s i s  appears  to  be a more s e n s i t i v e  i n d i c a t o r  
o f  m u ta g e n ic i ty  than  t r a d i t i o n a l  chromosome breakage s t u d i e s  (P e r ry ,
1980).  I t  appears  t h a t  some chem ica ls  induce p r i m a r i l y  chromat id  
a b e r r a t i o n s  which a re  n o t  e a s i l y  d e t e c t e d  in  chromosome a b e r r a t i o n  
a n a l y s i s .  SCE may be d e t e c t e d  in  c e l l s  in  c u l t u r e ,  o r  in  in  vivo 
systems (Kligerman and Bloom, 1976).  However, as  w i th  a l l  t e c h n i q u e s ,  
i n c r e a s e d  use  o f  th e  SCE method r e v e a l e d  i t s  l i m i t a t i o n s .
The " b a s e l in e "  SCE f requency v a r i e s  w i th  a l l  sys tem s ,  and so c a r e f u l  
d e t e r m in a t io n  o f  t h i s  f requency  i s  necessa ry  p r i o r  t o  comparat ive  a n a ly ­
s i s  w i th  a p j ta g e n -e x p o s e d  system (P e r ry ,  1980).  I t  i s  now c l e a r  t h a t  
t h e r e  a r e  d i f f e r e n c e s  in  t h e  ty p es  o f  chromosome damage mechanisms 
invo lv ed  in  c r e a t i n g  SCE v s .  chromosome a b e r r a t i o n s .  For example,  X- 
r a y s ,  Bleomycin,  c a f f e i n e ,  and some v i r u s e s  induce chromosome a b e r r a ­
t i o n s  b u t  do no t  r e s u l t  in  changes in  SCE f r e q u e n c i e s .  F ur therm ore ,
SCEs show no c o n s i s t e n t  c o r r e l a t i o n  with  th e  o ccu r rence  of  spontaneous 
chromosome a b e r r a t i o n s  in  t h e  v a r io u s  human chromosome breakage
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syndromes ( rev iewed in  P e r r y ,  1980).  Another l i m i t a t i o n  t o  SCE a n a l y s i s  
l i e s  in  t h e  p r e r e q u i s i t e  knowledge o f  th e  e x a c t  t im in g  o f  the  c e l l  c y c le  
e v e n t s  o f  t h e  system in  q u e s t i o n .  This  becomes a d i f f i c u l t  t a s k  w i th  in  
v ivo systems which a r e  s u b j e c t  to  env i ro n m en ta l ly  induced and t i s s u e -  
s p e c i f i c  v a r i a t i o n  in  t h e  c e l l  c y c l e .  However, as Pe r ry  (1980) p o i n t s  
o u t ,  "because  chromosome a b e r r a t i o n s  a re  a s s o c i a t e d  w i th  c e l l  l e t h a l i t y ,  
b u t  do no t  c o r r e l a t e  w i th  S C E . . . ,  SCEs may be more r e p r e s e n t a t i v e  of  
e v e n t s  comparable w i th  c e l l  s u r v i v a l . . . "
The l a s t  major c y t o g e n e t i c  te ch n iq u e  to  emerge from th e  g e n e t i c  
t o x ic o lo g y  a ren as  i s  t h e  mic ronuc leus  t e s t  i n t r o d u c e d  in  th e  mid-1970s 
by Heddle (1973) and Schmid (1975) .  A c en t r i c  f ragments  t h a t  a re  
exc luded  from anaphase  groups and th e  r e s u l t i n g  d augh te r  nuc le i  may 
round up on t h e  cy toplasm and form s e p a r a t e  m ic r o n u c le i ,  each micro­
nuc leus  c o n ta i n in g  one o r  more f ragm en ts .  Micronucle i  e v e n tu a l ly  d i s a p ­
p e a r  due t o  t h e  a c t i o n  o f  cy top la sm ic  n u c lea se s  and p r o t e a s e s ,  b u t  they 
p e r s i s t  f o r  a c o n s i d e r a b l e  p e r io d  o f  t ime (Evans,  1976).  Advantages of  
t h i s  c y t o l o g i c a l  i n d i c a t o r  o f  g e n e t i c  damage in c lu d e :  ( 1 ) s t a i n e d
m ic ronuc le i  can be d e t e c t e d  th ro u g h o u t  t h e  whole c e l l  c y c l e ;  (2 ) they 
a r e  s imple  t o  s c o r e ,  so t h a t  l a r g e  numbers o f  c e l l s  can be i d e n t i f i e d .  
However, because  m ic ronuc le i  a re  formed only from f ragm en ts ,  symmetrical  
a b e r r a t i o n s  and a b e r r a t i o n s  t h a t  do no t  produce f ragments  a re  not 
d e t e c t e d .
Tsuchimoto and M a t t e r  (1979) e v a lu a t e d  th e  d i f f e r e n c e s  between the  
t h r e e  major c y t o g e n e t i c  s c r e e n in g  methods (chromosome a b e r r a t i o n ,  SCE, 
and m i c r o n u c le u s ) . An i n t e r e s t i n g  f i n d i n g  in  t h e i r  a n a l y s i s  was t h a t
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t h e  m ic ronuc leus  t e s t  d e t e c t s  s p i n d l e  i n h i b i t o r s ,  such as c o l c h i c i n e ,  
w h i le  t h e  o t h e r  two t e s t s  do n o t .  Th is  would prove to  be a d i s ad v a n ta g e  
in  chromosome s t u d i e s  t h a t  r e q u i r e  a p p l i c a t i o n  o f  s p i n d l e  i n h i b i t o r s  to  
a r r e s t  c e l l s  in  metaphase  f o r  morphologica l  exam inat ion .
They a l s o  found t h a t  th e  p r e t r e a t m e n t  chem ica ls  ( e . g . ,  BudR) used in  
SCE a n a l y s i s  induces  p o s i t i v e  ( i . e . ,  chromosome damage) r e s u l t s  in  both 
t h e  chromosome a b e r r a t i o n  and micronuc leus  t e s t s .  Various  known c l a s t o -  
gen ic  agen ts  were t e s t e d .  They were observed  to  be p o s i t i v e  in  both th e  
m ic ronuc leus  and chromosome a b e r r a t i o n  a n a l y s i s ,  bu t  no t  c o n s i s t e n t l y  so 
w i th  SCE a n a l y s i s .  A c o n s i d e r a b l e  number o f  known m u tagens /ca rc inogens  
( i . e . ,  p o s i t i v e  w i th  t h e  Ames t e s t )  produced n e g a t i v e  r e s u l t s  w i th  the  
m ic ronuc leus  t e s t .  Inc lu d ed  in  t h e s e  su b s ta n c es  were a rom at ic  h y d ro c a r ­
bons .  I t  was i n d i c a t e d  t h a t  su b s ta n c es  w i th  s t r o n g  c y t o t o x i c i t y  may no t  
always be d e t e c t e d  by t h e  mic ronuc leus  t e s t  u s ing  c u r r e n t  p r o t o c o l s .
The mic ronuc leus  t e s t  i s  c l e a r l y ,  however,  a s u i t a b l e  t e ch n iq u e  f o r  
quick p r e s c r e e n in g  p r i o r  to  o t h e r  in  v ivo c y t o g e n e t i c  ex per im en ts .
K1iesch e t  a l . , (1981) s t a t e  t h a t ,  " th e  m ic ronuc leus  t e s t  i s  g e n e r a l ly  
comparable in  s e n s i t i v i t y  t o  t h e  chromosome a b e r r a t i o n  a n a ly s e s .
However, d a ta  i n d i c a t e  t h a t  t h e r e  might  be chem ica ls  f o r  which th e  r e s o ­
l u t i o n  of  chromosome a b e r r a t i o n  a n a l y s i s  i s  h i g h e r . "
In V i t r o  v s .  In Vivo Techniques
Chromosome a b e r r a t i o n  a n a ly se s  have been conducted with  in  v i t r o  as 
well  as in  v ivo  c e l l  sys tems .  In o r d e r  t o  s e l e c t  which (o r  both) a l t e r ­
n a t i v e s  t o  u se ,  c y t o g e n e t i c i s t s  c o n s id e r  a number o f  f a c t o r s ,  i n c lu d in g :  
The q u e s t i o n  to  be i n v e s t i g a t e d ,  t h e  o rgan ism (s )  to  be used,  th e  f e a s i ­
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b i l i t y  o f  c e l l  c u l t u r e  w i th  t h a t  chosen system,  t e m p e ra tu re ,  m i t o t i c  
index ,  and th e  a b i l i t y  o f  th e  organism in  q u e s t i o n  to  m e tab o l ize  chemi­
c a l s  t o  an a c t i v e  m utagen /ca rc inogen .
R e s u l t s  d e r iv e d  from in  v i t r o  s t u d i e s ,  w h i le  im p o r tan t  from a 
s c r e e n in g  p o i n t  o f  view, do n o t  n e c e s s a r i l y  r e f l e c t  th e  a c t i o n  o f  the  
t e s t e d  ag en t  in  vivo (Cohen and H i r s c h o rn ,  1971).  The use o f  i n t a c t  
an imals  p ro v id es  a h ig h ly  r e l e v a n t  t e s t  system which t a k e s  i n t o  account  
h o s t  metabolism, p o s s i b l e  a c t i v a t i o n  of  th e  compound and ev idence  o f  the  
passage  o f  th e  mutagen a c r o s s  t h e  b l o o d - t e s t e s  b a r r i e r  (Alink e t  a l . ,
1980).  Because f lo u n d e r  s p e c i e s  have e x h i b i t e d  h igh ly  a c t i v e  enzyme- 
a c t i v a t i o n  systems (Payne, 1977; McCain e t  a l . , 1978; Bend e t  a l . , 1979; 
and Iwaoka e t  a l . , 1979) ,  which c o n v e r t  x e n o b io t i c s  to  a c t i v e  and some­
t im es  genotox ic  m e t a b o l i t e s  (Hooftman, 1981),  i t  seems e s s e n t i a l  to  
implement in  vivo t e c h n iq u e s  in  t h e  i n v e s t i g a t i o n  o f  what e f f e c t s  w a te r -  
born p o l l u t a n t s  have on the  g e n e t i c  m a te r i a l  o f  f l a t f i s h .
Although c e l l / t i s s u e  c u l t u r e  has been s u c c e s s f u l l y  performed on many 
f i s h  s p e c i e s ,  ( e . g . ,  R o b e r t s ,  1966; Wolf and Quimby, 1976; and 
Hollenbeck and Chrisman, 1981),  t e ch n iq u es  vary in  t h e i r  success  with  
each s p e c i e s .  B a c t e r i a l ,  v i r a l ,  a n t i b i o t i c  and tem p e ra tu re  f a c t o r s  a re  
major problems in  in  v i t r o  chromosome a b e r r a t i o n  a n a ly se s  on f i s h  
(Kligerman,  1979b).  F i n a l l y ,  c u l t u r e d  c e l l s  e x h i b i t  a nea r ly  t e n - f o l d  
i n c r e a s e  in  spontaneous  chromosome a b e r r a t i o n  r a t e s  vs .  c e l l s  from in  
vivo a n a ly s e s  (Bochkov, 1972).
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Germinal vs .  Somatic T i s s u e  C y to g en e t ic  A n a ly s i s
Environmental  mutagens and c a rc in o g e n s  have two im p o r tan t  e f f e c t s :  
they  may cause  muta t ion  i n  germ c e l l s ,  and they may cause  somat ic  c e l l  
m uta t ion  (Nagao e t  a l . , 1978) .  Many o f  th e  e a r l i e r  geno tox ic  s t u d i e s  
examined th e  chromosomal complements o f  gametes in  v a r io u s  s t a g e s  o f  
m e ios is  (rev iewed by Ohno, 1965).  However, germ c e l l s  were exper imen­
t a l l y  more d i f f i c u l t  than  were somat ic  c e l l s  (Bochkov, 1972).  As a 
r e s u l t ,  i n v e s t i g a t o r s  q u e s t io n e d  th e  v a l i d i t y  o f  th e  occu r rence  o f  
" v e r t i c a l  t r a n s m is s io n "  (Bloom, 1972) o f  chromosome damage. That  i s ,  
can somat ic  chromosome damage i n d i c a t e  s i m i l a r  damage in  gamet ic  o r  
germinal t i s s u e s ?  This  c o r r e l a t i o n  has no t  been u n equ ivoca l ly  
demonst ra ted  in  man (Bloom, 1972).  N e v e r t h e l e s s ,  Alink e t  a l . (1980) ,  
d id  demonst ra te  t h a t  t h e r e  were no d i f f e r e n c e s  between th e  in c r e a s e d  SCE 
r a t e s  in  g i l l  and t e s t i c u l a r  c e l l s  of  th e  f i s h  Umbra pygmaea a f t e r  
exposure  to  p o l l u t e d  w a te r .  They su g g es t  t h a t  t h i s  r e f l e c t s  th e  p o s s i ­
b i l i t y  t h a t  no b l o o d - t e s t e s  b a r r i e r  e x i s t s  f o r  some mutagenic  compounds.
The use o f  somat ic  t i s s u e s  in  t h e s e  s t u d i e s  i s  o f t e n  based on th e  
p r a c t i c a l  b a s i s  t h a t  t h e  t i s s u e s  conform more r e a d i l y  to  c y to g e n e t i c  
t e c h n i q u e s ,  and p ro v id e  more d e t a i l e d ,  h ig h e r  q u a l i t y  chromosomal 
f i g u r e s  (Salamone e t  a l . , 1980).  I t  i s  assumed t h a t  compounds t h a t  can 
produce somat ic  damage can a l s o  produce germinal damage i f  they reach 
t h e  gonadal t i s s u e  (Lega to r  e t  a l . , 1973).  Another a s p e c t  o f  t h i s  
c o r r e l a t i o n  i s  t h a t  s t r u c t u r a l  changes  produced in  germ c e l l  l i n e  
chromosomes by chemical mutagens a re  i d e n t i c a l  w ith  th e  a b e r r a t i o n s  
induced by th e se  agen ts  in  somat ic  c e l l s  (Evans,  1976) .  Although
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chromosome damage in  somat ic  c e l l s  i s  no t  t r a n s m i t t e d  to  o f f s p r i n g ,  such 
damage t o  an i n d i v i d u a l  i s  ev idence  o f  th e  m u ta g e n ic i t y  o f  the  chem ica l ,  
t o  which an e n t i r e  p o p u la t i o n  may be exposed (Evans,  1976).
F i sh  and G enet ic  Toxicology
Bony f i s h e s  have made t h e i r  way i n t o  t h e  a rena  of g e n e t i c  to x ic o lo g y  
w i th  g r e a t  d e l i b e r a t i o n .  Even today ,  in  t h e  e a r l y  1980s,  much o f  the  
c y t o g e n e t i c  work in v o lv in g  a q u a t i c  organisms has no t  gone beyond 
c o n s t r u c t i o n  and comparison of  ka ryo types  (Kl igerman, 1980) .  I t  i s  well 
e s t a b l i s h e d  now t h a t  t h e  m a jo r i t y  o f  f i s h e s  g e n e r a l ly  possess  many small 
chromosomes in  t h e i r  genome (Denton, 1973 and R o b e r t s ,  1967).  There a re  
n o t a b l e  e x c e p t i o n s ,  as summarized by Kligerman (1980) ,  and the  use  o f  
bony f i s h  in  g e n o to x ic o lo g ic a l  s t u d i e s  i s  i n c r e a s i n g .
U nt i l  the  mid-1970s i n v e s t i g a t i o n s  i n to  chromosome damage in  f i s h  
caused  by chemical mutagens was l i m i t e d .  A review o f  e a r l i e r  work has 
been done by Kligerman (1980) .  He found t h a t  most o f  th e  work done 
between 1913 and 1970 invo lved  th e  e f f e c t s  o f  r a d i a t i o n  on f i s h  embryos 
and gametes.
F i s h  chromosome a n a l y s i s  was f i n a l l y  combined wi th  th e  study of  
chemical mutagenes is  when, in  1975, Kligerman, Bloom, and Howell 
developed c r i t e r i a  f o r  s e l e c t i n g  f i s h  to  be used f o r  c y to g e n e t i c  
i n v e s t i g a t i o n s .  They used th e  c e n t r a l  mudminnow, Umbra 1imi as  a model 
s p e c i e s .  I t  has l a r g e ,  m e t a c e n t r i c  chromosomes, adequa te  numbers o f  
metaphases  cou ld  be o b ta in e d  from v a r io u s  t i s s u e s ,  and i t  i s  a sm al l ,  
in ex p en s iv e  f i s h  which i s  e a s i l y  m a in ta ined  in  th e  l a b o r a t o r y .  In the
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fo l l o w in g  two y e a r s ,  Kligerman and Bloom (1976; 1977a; and 1977b) used 
Umbra 1imi to  develop t h e  n eces sa ry  l a b o r a t o r y  te ch n iq u es  f o r  r a p i d  
in e x p en s iv e  chromosome a n a l y s e s .  They developed a r a p i d  chromosome 
p r e p a r a t i o n  t e ch n iq u e  t h a t  d id  no t  invo lve  squashes  and th e  l i m i t a t i o n s  
t h e r e i n  (1977b) ,  and u t i l i z e d  banding p a t t e r n  i d e n t i f i c a t i o n s  (1977a) as 
well  as  in  v ivo SCE a n a l y s i s  (1976) .  Using t h e s e  methods,  Kligerman 
t e s t e d  v a r io u s  chem ica ls  as  well  as  r a d i a t i o n  e f f e c t s  upon th e  mudminnow 
chromosomes (1979a, 1979b, and 1980) .
During t h i s  same p e r io d ,  Longwell (1976) undertook th e  f i r s t  f i e l d  
s tudy o f  f i s h  g e n e t i c  t o x i c o l o g y .  She examined develop ing  mackerel  eggs 
sampled from p o l l u t e d  w a te r  f o r  abnormal chromosome d i v i s i o n  f i g u r e s .  
Because she used a s im ple  egg s q u a s h - s t a i n  t e c h n i q u e ,  he r  r e s u l t s  were 
confounded with  poor chromosome r e s o l u t i o n  and t h e ,  o f t e n  c o i n c i d e n t a l ,  
abnormally  high c o n t r o l  l e v e l s  o f  chromosome damage.
The l a t e s t  s t u d i e s  have in c o r p o r a t e d  th e  Kligerman g r o u p ' s  t e c h ­
n iques  in s u c c e s s fu l  f i e l d  and l a b o r a t o r y  a n a ly se s  o f  f i s h  chromosome 
damage. From th e  Lek and Maas R ivers  in  The N e ther lands  ( S u g a t t ,  1978) 
and from th e  Rhine R ive r  {Pre in  e t  a l . , 1978),  a n o th e r  mudminnow spe­
c i e s ,  Umbra pygmaea was u t i l i z e d  in  f i e l d  exposures  t o  t h e  p o l l u t e d  
w a te r  as  well  as in  l a b o r a t o r y  exposures  to  known mutagens.
Burke and Hoornbeek, (1978) adopted  th e  Kligerman and Bloom t e c h ­
n iques  to  c h a r a c t e r i z e  t h e  chromosomes o f  th e  smooth f l o u n d e r ,  L i o p s e t t a  
pu tnami, and subsequen t ly  (Hoornbeek and Burke, 1981) used  th e se  methods 
in  a s tudy in v o lv in g  t h e  i n d u c t io n  o f  chromosome number v a r i a t i o n  in  the
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w i n t e r  f l o u n d e r ,  P se u d o p leu ro n ec te s  am er icanus .
Hooftman (1981) and Hooftman and Vink (1981) a l s o  employed th e  
Kligerman and Bloom in  v ivo a s s a y s  to  examine chromosome a b e r r a t i o n s  in  
a d i f f e r e n t  model s p e c i e s ,  Notobranch ius  rachowi . They compared t h i s  
s p e c i e s  to  Umbra pygmaea f o r  d i f f e r e n c e s  in  s e n s i t i v i t y  t o  th e  known 
mutagens,  e thy l  methane s u l f o n a t e  {EMS) and th e  p o l y c y c l i c  a rom at ic  
hydrocarbon,  b en zo /a /p y re n e  ( B / a / P ) .  They found t h a t  both s p e c i e s  cou ld  
c o n v e r t  the  3 / a /P  a s  well  as o t h e r  x e n o b io t i c s  i n t o  geno tox ic  meta­
b o l i t e s ,  v ia  t h e  p r e v io u s ly  mentioned MFO enzyme systems.
Hooftman (1981) d e f in e d  th e  p r o p e r t i e s  t h a t  a q u a t i c  organisms should
have t o  be s u c c e s s f u l l y  used f o r  c y t o g e n e t i c  i n v e s t i g a t i o n s  as  fo l low s :
1. A s u i t a b l e  k a ryo type  (small  number o f  l a r g e  chromosomes).
2.  M i t o t i c  a c t i v i t y  should  be high enough to  a llow th e  s c o r in g  o f  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  number o f  metaphases .
3.  The t e s t  animal should  be e a s i l y  a v a i l a b l e  by c a tc h in g  in  t h e  w i ld ,
r e a r i n g  in  t h e  l a b o r a t o r y  o r  by pu rch as in g .
4.  The t e s t  system should  be r e l e v a n t  t o  th e  environment.
Kligerman (1980) adds:
1. The chosen s p e c i e s  should  be a b le  t o  w i th s t a n d  exper im en ta l  
c o n d i t i o n s .
2.  The organism should  be r e l a t i v e l y  small in  s i z e .
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3. The i n v e s t i g a t o r  should  have knowledge o f  t h e  t e s t  o rg a n ism 's
a b i l i t y  to  c o n v e r t  t o x i c  su b s ta n c e s  to  m e t a b o l i c a l l y  a c t i v e  p roduc ts  
v ia  MFO enzyme systems.
F lounders  and Genetic  Toxicology
Flounders  have been used f r e q u e n t l y  in  o i l  p o l l u t i o n  s t u d i e s  ( e . g . ,  
A lderson ,  1974; F l e t c h e r ,  1975; Payne, 1977; McCain e t  a l ^ ,  1978, Iwaoka 
e t  a l . , 1979; Bend, 1979; and F l e t c h e r  e t  a l . , 1981) in v o lv in g  s u r v i v a l ,  
t o l e r a n c e  l i m i t s ,  p h y s io lo g ic a l  changes ,  b ehav io r  and hydrocarbon 
accum ula t ion  in  t i s s u e s .  The major c o n t r i b u t i o n  o f  f lo u n d e r s  to  th e  
u n d e r s ta n d in g  o f  hydrocarbon to x ic o lo g y  has been in  enzyme-metabolism 
s t u d i e s .  F lounders  have c o n s i s t e n t l y  demonst ra ted  a c t i v e  mixed f u n c t io n  
o x id a se  (MFO) enzyme systems. MFO enzyme systems a re  the  b e s t  known 
systems in  t h e  metabol ism o f  x e n o b i o t i c s .  MFO enzymes a re  induced by 
v a r io u s  compounds, ( e . g . ,  d rugs ,  p e s t i c i d e s  and p o ly c y c l i c  a rom at ic  
hydrocarbons)  (G e rha r t  and C a r le so n ,  1978).  Of p a r t i c u l a r  i n t e r e s t  has 
been th e  f i n d i n g  t h a t  f i s h e s  exposed to  pe tro leum under l a b o r a t o r y  and 
f i e l d  c o n d i t i o n s  show in c r e a s e d  MFO a c t i v i t y  (Gruger e t  a l . , 1977; 
Kovaleva and Mazmanidi, 1978; and Chambers e t  a l . , 1979) .  The most 
s t u d i e d  MFO enzyme system i s  a ry l  hydrocarbon hydroxylase  (AHH) (Payne 
e t  a l . , 1979).  AHH i s  known t o  be induced in  f i s h  by p o ly c y c l i c  o rgan ic  
m a t t e r ,  i n c lu d in g  one of  th e  major  c a rc in o g e n ic  components o f  o i l :  
p o l y c y c l i c  a romat ic  hydrocarbons  (PAH) (Payne e t  a l . , 1979) .  The AHH 
system has been found to  be invo lved  in  th e  a c t i v a t i o n  o f  c e r t a i n  PAHs 
t o  mutagenic  and c a r c in o g e n ic  m e t a b o l i t e s  (G e rh a r t  and C ar le so n ,  1978).  
T h e r e f o r e ,  t h e se  MFO enzyme systems a re  in vo lved  in  both th e  metabolism
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and breakdown o f  o i l  as  well  as  in  t h e  a c t i v a t i o n  o f  v a r io u s  mutagenic  
by -p ro d u c ts  of  th e  o i l  breakdown.
I t  has been dem onst ra ted  t h a t  f l o u n d e r s  accumulate  hydrocarbons  in  
v a r io u s  t i s s u e s  w hi le  l i v i n g  in  o i l e d  sed im en ts ,  and t h a t  they r e a d i l y  
dup u ra te  themselves  when removed from o i l e d  env ironm ents .  The AHH 
a c t i v i t y  i s  high as long as th e  hydrocarbons a re  p r e s e n t  (Payne, 1977; 
and McCain e t  a l . , 1978).  S t i c h  and Acton (1976);  and Stegeman and Sabo 
(1976) have shown t h a t  f lo u n d e r s  no t  only depu ra te  themselves  o f  hydro­
ca rb o n s ,  bu t  t h a t  t h e i r  MFO system, AHH, i s  a l s o  invo lved  in  t h e  a c t i v a ­
t i o n  o f  t o x i c  m e t a b o l i t e s  from th e  i n c o r p o r a t i o n  o f  o i l - r e l a t e d  
p o l l u t a n t s  i n t o  f lo u n d e r  t i s s u e s .
F lounder  s p ec ie s  have been th e  s u b j e c t  o f  some r e c e n t  c y t o g e n e t i c  
i n v e s t i g a t i o n s ,  d e s p i t e  t h e  f a c t  t h a t  f l a t f i s h  do no t  comply w i th  th e  
"model system" karyo type  re q u i re m e n ts .  F l a t f i s h  chromosomes a re  
g e n e r a l ly  small (1-5 p )  (Barker ,  1972; LeGrande, 1975; and Burke and 
Hoornbeek, 1978) and numerous.  The d i p l o i d  complement o f  th e  v a r io u s  
f l a t f i s h  s p e c ie s  t h a t  have been karyo typed  range from 2N = 28 t o  2N = 70 
(LeGrande, 1975 and Ojima e t  a l . , 1976) .  The m a jo r i ty  o f  t h e s e  
P le u ro n e c t i fo rm  f i s h e s  posse ss  a d i p l o i d  complement o f  48 chromosomes 
(LeGrande, 1975 and Denton, 1973).  Burke and Hoornbeek (1978) d e t e r ­
mined t h a t  th e  smooth f l o u n d e r ,  L i o p s e t t a  pu tnam i, th e  s u b j e c t  o f  t h i s  
t h e s i s ,  has a complement of  2N = 48, mostly  t e l o c e n t r i c  chromosomes 
rang ing  in  s i z e  from 3 .5  -  5 .0  ju.
The smooth f lo u n d e r  L. putnami i s  c h a r a c t e r i z e d  in  Bigelow and
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Schroeder  (1953) as a small f i s h ,  (maximum s i z e  i s  approx im a te ly  33 cm), 
abundant  in  t h e  New Hampshire e s t u a r i n e  environment ,  e a s i l y  s e in e d  and 
e n t i r e l y  s u i t a b l e  f o r  l a b o r a t o r y / h a t c h e r y  r e a r i n g  a n d /o r  b reed in g  
(Hoornbeek, e t  a l . , 1982) .
Because o f  t h e  d i s co v e ry  by Alink e t  a l . (1980) t h a t ,  when exposed 
t o  mutagens ( i n c lu d in g  some hyd ro ca rb o n s ) ,  t h e r e  i s  no d i f f e r e n c e  in  th e  
SCE r a t e  between g i l l  and t e s t i c u l a r  c e l l s  o f  f i s h ,  i t  i s  su g g es ted  t h a t  
mutagens move through th e  blood supp ly ,  from th e  g i l l s  to  o t h e r  t i s s u e s ,  
i n c lu d in g  germinal t i s s u e s .  T h e re fo re ,  g i l l  c e l l s  appear  t o  be a good 
c h o ice  in  somat ic  t i s s u e  c y t o g e n e t i c  a n a l y s i s .  Another advantage  to  the  
ch o ice  of  g i l l  c e l l s  i s  t h a t  they a re  d i r e c t l y  exposed t o  t o x i c  sub­
s t a n c e s  in  t h e  a q u a t i c  envi ronment (Kl igerman, 1979b).  G i l l  c e l l s  a re  
c o n s t a n t l y  in  an a c t i v e  s t a t e  o f  d i v i s i o n  w i th in  th e  d i f f e r e n t  f i l a m e n t s  
(Denton, 1973).  G i l l  e p i th e l iu m  c e l l s  were employed in  t h e  e a r l y  smooth 
f l o u n d e r  chromosome s t u d i e s  (Burke and Hoornbeek, 1978).
In summary, th e  l i t e r a t u r e  s u p p o r t s  th e  use o f  th e  smooth f l o u n d e r ,  
L. putnami in  t h i s  t h e s i s .  I t  g e n e r a l ly  f i t s  i n t o  the  "model systems 
approach to  f i s h  g e n e t i c  to x ico lo g y  espoused by Kligerman (1980) and 
Hooftman (1981) d e s p i t e  i t s  chromosome number and s i z e .  L. putnami i s  
s m a l l ,  e a s i l y  o b ta in e d  and conducive  to  exper im en ta l  and l a b o r a t o r y  con­
d i t i o n s .  The smooth f lo u n d e r  i s  r e l e v a n t  t o  t h e  environment in  q u e s t i o n  
( o i l  p o l l u t i o n  o f  e s t u a r i n e  ecosys tem s) .  I t  a l s o  p o s se s s e s  a s u i t a b l e  
ka ryo type  f o r  a n a l y s i s ,  as  well as a s u f f i c i e n t l y  high m i t o t i c  a c t i v i t y  
i n  v a r io u s  t i s s u e s ,  p a r t i c u l a r l y  t h e  g i l l s .  F i n a l l y ,  L. putnami i s  a 
member of  th e  P l e u r o n e c t i d a e ,  a family  o f  f l o u n d e r s  t h a t  has
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demons t r a t e d  a h igh ly  a c t i v e  MFO enzyme system which both d e p u ra te s  the  
f l o u n d e r ' s  t i s s u e s  and a c t i v a t e s  v a r io u s  p o l l u t a n t s  i n t o  t h e i r  
m u ta g e n ic /c a rc in o g e n ic  forms.
Oil P o l l u t i o n  and G ene t ic  Toxicology
L a s t l y ,  t h e  v i t a l  merger of  th e  two deve lop ing  d i s c i p l i n e s ,  o i l  
p o l l u t i o n  a n a l y s i s  and g e n e t i c  to x ic o lo g y  i s  ev idenced  by only a few 
r e c e n t  r e p o r t s  in  t h e  l i t e r a t u r e .  I t  was Longwell ,  in  1978, who f i r s t  
u n i t e d  th e  two f i e l d s  o f  s tudy .  She examined, in  both the  f i e l d  and 
l a b o r a t o r y ,  th e  e f f e c t s  o f  o i l  p o l l u t i o n  from the  Argo Merchant s p i l l  on 
chromosomes and c e l l s  o f  p l a n k to n ic  f i s h  eggs.  She found t h a t  some of  
th e  eggs exposed to  t h e  s p i l l  c o n ta in e d  a r r e s t e d  and abnormal chromosome 
d i v i s i o n s  c o i n c i d e n t a l l y  w i th  t h e i r  moribund c o n d i t i o n .  She concluded 
t h a t  t h e r e  i s  mounting ev idence  t h a t  o i l  i s  t o x i c  t o  f i s h  eggs and l a r ­
vae,  and may be l e t h a l  t o ,  o r  a d v e r se ly  a f f e c t  t h e i r  normal c e l l u l a r  
d i v i s i o n .  She c a u t i o n s ,  though, t h a t  more b a s e l i n e  da ta  a re  needed in  
t h i s  f i e l d  o f  s tudy .
At the  same t im e ,  Cole (1978) undertook a p r e l im in a ry  g e n e t i c  f i e l d  
s tudy o f  t h e  e f f e c t s  o f  o i l  p o l l u t i o n  on th e  genotypes  of  t h e  o y s t e r  
d r i l l  (Urosa lp inx  c i n e r e a ) .  He found ev idence  of  changes in 
e l e c t r o p h o r e t i c  p a t t e r n s  between th e  o i l e d  and th e  c o n t ro l  p o p u l a t i o n s .  
I t  was u n c l e a r  t o  him whether  t h i s  d i f f e r e n c e  was t h e  r e s u l t  o f  the  
p o l l u t i o n  o r  of  th e  " founder  e f f e c t "  a c t i n g  upon one o r  both o f  h i s  
f i e l d  p o p u la t i o n s .
The most r e c e n t  r e p o r t  has been by E l l e n to n  (1980) who used the
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Salmonel la  microsome a ssay  t o  de te rm ine  t h a t  th e  a rom at ic  f r a c t i o n s  o f  
both  c rude  and No. 2 fu e l  o i l  were mutagenic .  She s t a t e d  t h a t  th e  
t e s t s  f o r  in d u c t io n  o f  chromosome a b e r r a t i o n s  and SCEs i s  c u r r e n t l y  
underway, u t i l i z i n g  t h e s e  f r a c t i o n s  in  mammalian c e l l s .
Th is  t h e s i s  i s  th e  f i r s t  known u t i l i z a t i o n  o f  modern f i s h  chromosome 
a b e r r a t i o n  t e c h n iq u e s  in  o rd e r  t o  de te rm ine  t h e  geno tox ic  e f f e c t s  o f  
w a t e r - s o l u b l e  f r a c t i o n s  o f  o i l  upon an a q u a t i c  organism.
I I I .  MATERIALS AND METHODS
The m a jo r i t y  of  f i s h  used in  t h i s  s tudy were a d u l t  smooth f l o u n d e r ,  
L i o p s e t t a  pu tnam i , (F ig u re  1 ) ,  s e in e d  from th e  G reat  Bay E s tu a r in e  
system in  Durham, New Hampshire (F ig u re  2 ) .  They ranged in  s i z e  from 
7 .9  cm to  17 .3  cm. All f l o u n d e r s  were he ld  in  th e  f low - th rough  tank 
system a t  th e  Jackson  E s t u a r i n e  Labora to ry  a t  Adam's P o i n t ,  Durham, New 
Hampshire.  Immediately a f t e r  t h e  f i s h  were caugh t  and taken  t o  th e  
l a b o r a t o r y ,  they were t r e a t e d  t o  remove p a r a s i t e s  by p l a c i n g  them f o r  
two minutes  in  f r e s h w a t e r  t an k s  c o n t a i n i n g  copper  s u l f a t e  (CUSO4 ) a t  a 
c o n c e n t r a t i o n  o f  7 .1  grams p e r  l i t e r .  The f i s h  were then  p la ce d  in  the  
ambient t e m p e ra tu re  s a l t w a t e r  f lo w - th ro u g h  t a n k s ,  and m a in ta ined  t h e r e  
f o r  a t  l e a s t  t h r e e  weeks p r i o r  t o  use  in  an exper im en t .  They were fed  
r ib b e d  musse ls  Giukensia  demissa which were c o l l e c t e d  a t  th e  s e i n i n g  
l o c a t i o n s .  The musse ls  were he ld  in  t h e  f low - th rough  l a b o r a t o r y  tanks  
f o r  s ev e ra l  days p r i o r  t o  be ing  fed  to  f l o u n d e r s .  Uneaten mussel t i s s u e  
was removed from th e  t a n k s  d a i l y .
The remainder  o f  t h e  smooth f l o u n d e r s ,  which were used in  th e  
c o n t r o l l e d  tem p e ra tu re  s t a t i c  e x p e r im en t s ,  were l a b - r e a r e d  y e a r l i n g s  
(F igu re  3) rang ing  in  s i z e  from 2 .3  cm t o  5 .9  cm. The y e a r l i n g s  were 
h e ld  in  a e r a t e d  a q u a r i a  in  a t e m p e r a t u r e - c o n t r o l l e d  w a lk - in  c o ld  room 
m a in ta in ed  a t  10°C. They were fed  l a b o r a t o r y - r e a r e d  b r in e  shrimp 
n a u p l i i ,  Artemi a s a l i n a , every 2-3 days th roughou t  th e  d u r a t io n  o f  the  
ex p e r im en t s .
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Fiqure  1. Adult  smooth f l o u n d e r ,  L i o p s e t t a  putnami ( G i l l ) .
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Fiqure 2. Great Say e s t u a r in e  system, New Hampshire.
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3. Lab - rea red  .year l ing  smooth f l o u n d e r ,  L i o p s e t t a  pu tnam i .
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All a q u a r i a  and exper im en ta l  s t a t i c  c o n t a i n e r s  were s u p p l i e d  with  
seaw a te r  made with  d i s t i l l e d  w a te r  and " I n s t a n t  Ocean" sea s a l t s  
(Aquarium Systems, 33208 Lakeland Boulevard ,  E a s t l a k e ,  Ohio,  44094).
The s a l i n i t y  was b rough t  up to  28 p a r t s  pe r  thousand ( p p t ) .  The s a l t ­
w a te r  was then d i a t o m - f i l t e r e d  and then  M i l l i p o r e - f i l t e r e d  (0 .8  /jm) 
p r i o r  t o  use .
S a l i n i t y  and te m p e ra tu re  were r e g u l a r l y  moni to red  in  both th e  f low ­
through  and s t a t i c  sys tems .
The o i l  used in  t h e s e  exper im ents  was Bachequero,  Venezuelan crude  
o i l .  The No. 2 fue l  o i l  was f r a c t i o n a t e d  from th e  same ba tch  of  crude  
o i l .  This  o i l  was k in d ly  donated  by th e  Sprague Oil Company of  
Newington, New Hampshire.  F r a c t i o n a t i o n  o f  the  No. 2 fu e l  o i l  and ana­
l y s i s  o f  a rom at ic  c o n te n t  was performed in  November o f  1979 by Dennis 
W el l s ,  the  Chie f  Chemist  in  t h e  Sprague Oil A n a ly s i s  and Research 
D iv i s i o n .  This  o i l  has been c h a r a c t e r i z e d  as  fo l lo w s :  sh ip p in g  p o r t :
L a S a l in a ,  a t  Bachequero,  Venezuela ;  s p e c i f i c  g r a v i t y  ( A . P . I . )  = 16 .8 ;  
s a l t  c o n te n t  = 6 .0  lb /1 0 0 0  b b l ; s u l f u r  c o n te n t  = 2.40%; v i s c o s i t y  ( i n  
S a y b o l t  Universal  Seconds,  S .U .S . ,  a t  100°F.)  = 1 ,362; t h e r e  were 1.5% 
a rom at ic  hydrocarbons in  t h e  crude  o i l ;  t h e  No. 2 fue l  c u t  was 18% of  
t h e  crude  o i l ;  and c o n ta in e d  8.5% a rom at ic  hydrocarbons  by volume. This  
i n c r e a s e  in  a ro m a t ic s  w i th in  t h e  fue l  o i l  concurs  w i th  the  a n a l y s i s  o f  
Venezuelan o i l s  by Gordon and Prouse  (1973) .
All o i l  and o i l  s o l u t i o n s  were s t o r e d  in  dark g l a s s  b o t t l e s  with  
f o i l - l i n e d  caps .  The b o t t l e s  were covered  with  b lack  p l a s t i c  and
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s t o r e d ,  r e f r i g e r a t e d  and u n d i s tu r b e d  u n t i l  used.  All f o i l ,  g la ssw are  
and a q u a r i a  used in  t h e s e  exper im en ts  were c lean ed  w i th  t h e  c e l l  c u l t u r e  
g la ssw are  c l e a n e r  "7-X" (L inbro  D iv i s io n  o f  Flow Labs I n c . ,  Hamden, 
C o n n ec t ic u t )  and r i n s e d  w i th  d o u b l y - d i s t i l l e d  t e c h n i c a l  grade n-hexane 
( F i s h e r ) .  The h e x a n e - r i n s in g  removes ex t ra n eo u s  hydrocarbons  and o rg a ­
n i c  m a te r i a l  from c o n t a i n e r  s u r f a c e s  (Gordon and K e ize r ,  1974).  N- 
hexane [CH3 ( ^ 2 ) 4  CH3 ] v o l a t i l i z e s  a t  69°C. w h i le  o t h e r  hexanes have 
h ig h e r  (100°C.+) b o i l i n g  t e m p e r a t u r e s .
There  were two major  modes o f  o i l  exposure  used in  t h i s  s tudy :  (1)
o i l - s e d i m e n t  m ix tu r e s ,  and (2) w a te r  s o lu b le  f r a c t i o n s  (WSF). The o i l -  
sed im ent  f low - th rough  exposure  was des igned ,  w ith  m o d i f i c a t i o n s ,  a f t e r  
t h e  s t u d i e s  by Payne e t  a l . , (1978a) ;  McCain e t  a l . , (1978) ;  and Roubal 
e t  a l . , (1977) .  The WSFs were p rep a red  with  m o d i f i c a t i o n s ,  u s ing  t e c h ­
n iques  from Bolyn and T r i p p ,  (1971; Gordon and P ro u se ,  (1973);  Anderson 
e t  a l . , (1974) ;  and Winters  and P a r k e r ,  (1977) .
O i l -S ed im en t  P r e p a r a t i o n  f o r  Flow-Through Tanks
The f low - th rough  system was des igned  to  s im u la te  exposure  t o  an 
o i l e d  sed iment w i th o u t  c o n c e n t r a t i n g  th e  hydrocarbons in  th e  w a ter  
column. The h a b i t  o f  th e  f lo u n d e r  p la c e s  i t  in  th e  a r e a s  o f  h i g h e s t  
c o n c e n t r a t i o n  o f  hydrocarbons  p r e s e n t  ( t h e  sed im en t ) .  The t o x i c ,  muta­
gen ic  a ro m a t ic s  p e r s i s t  in  bottom sed im en ts .
S i l t  was c o l l e c t e d  from th e  s u r f a c e  sedim ents  a t  Crommett Creek in  
Durham, New Hampshire.  Large p a r t i c l e s  were f i l t e r e d  o u t  w i th  0 .75  cm 
s c r e e n s .  The s i l t  was r e t u r n e d  t o  th e  l a b o r a t o r y  and was a llowed to
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s e t t l e  f o r  t h r e e  h o u r s .  Excess w a te r  was s iphoned  o f f  the  t o p .  The 
s i l t  was f r o z e n  and thawed tw ice  t o  k i l l  m ic ro o rg a n ism s .  I t  was then  
p l a c e d  in  an oven a t  100°C. u n t i l  c o m p le te ly  dry (48 h o u r s ) .
The amount o f  d r i e d  s i l t  s u f f i c i e n t  t o  c o v e r  t h e  bottom o f  a
1 0 - g a l l o n  aquar ium, 1 .5  cm in  depth  was d e te r m in e d  t o  be 266.67 grams. 
The s i l t  was added to  one l i t e r  o f  4 jum c a r t r i d g e - f i l t e r e d  s e a w a t e r  and 
s t i r r e d  t o  c r e a t e  a l o o s e  s l u r r y .  To t h e  s i l t - w a t e r  b eake r  6 .33  ml o i l  
was added,  r e s u l t i n g  in  a 2.4% o i l : s i l t  c o m p o s i t i o n .  The b eak e r  was 
th e n  p l a c e d  on a m agnet ic  s t i r r e r  and t h e  o i l  and s i l t  were mixed a t  a 
h igh  speed f o r  f i f t e e n  m in u te s .
The o i l - s i I t  m ix tu r e  was then  added t o  t h e  1 0 - g a l l o n  f lo w - th ro u g h  
aquar ium which was f u l l  o f  ambient doubly c a r t r i d g e - f i l t e r e d  (50 /im 
p o r e - s i z e d  f i l t e r s  fo l lo w ed  w i th  4 zim f i l t e r s )  w a t e r .  The f lo w - th ro u g h  
t a n k s  were covered  w i th  b lack  p l a s t i c .  The u p p e r  l / 5 t h  o f  t h e  f r o n t  o f  
t h e  tank  had had t h e  g l a s s  removed. The g l a s s  was r e p l a c e d  w i th  Nitex® 
f i l t e r  s h e e t s  t o  a l lo w  t h e  w a te r  t o  e x i t  w i t h o u t  o v e r - f l o w i n g  th e  t a n k s .  
The to p s  o f  t h e  t a n k s  were covered  w i th  r u b b e r i z e d  s c r e e n i n g  t o  p r e v e n t  
f i s h  from e s c a p in g .  Each tank was s lowly  a e r a t e d  w i th  one small  a i r  
s t o n e .
When t h e  o i l - s i I t  m ix tu re  was added t o  t h e  t a n k ,  t h e r e  was no 
f lo w in g  w a te r  e n t e r i n g  t h e  t a n k ,  which a l lo w ed  t h e  o i l - s i I t  m ix tu r e  t o  
s e t t l e .  A f t e r  two h o u r s ,  excess  o i l  was skimmed o f f  th e  s u r f a c e  o f  the  
w a t e r  t o  p r e v e n t  b lockage  o f  th e  a i r - w a t e r  i n t e r f a c e .  F i s h  were sexed 
and measured ( l e n g t h )  and then  i n t r o d u c e d  t o  t h e  t a n k s .  The c a r t r i d g e -
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f i l t e r e d  w a te r  was then  tu rn e d  on t o  a l low  a slow (two l i t e r s  pe r  
minute) f low o f  w a te r  th rough  th e  t a n k .
The o i l - s i I t  m ix tu re  was renewed once a t  day 53 o f  t h e  137 day f low­
through  exper im en t .  McCain e t  a l . (1978) found t h a t  t o t a l  sedim ent 
hydrocarbon c o n c e n t r a t i o n s  d e c rea se  by h a l f  in  t h e  f i r s t  30 days ,  and 
t h e n ,  f o r  fo u r  months,  hydrocarbon c o n c e n t r a t i o n s  remained s t a b l e  a t  
approx imate ly  t h a t  l e v e l .  The o i l - s e d i m e n t  a d d i t i o n  a t  day 53 was done 
t o  i n c r e a s e  t h e  s i l t  c o n t e n t  o f  th e  t an k s  because f i s h  movements had 
l e f t  some bare  sp o ts  a t  t h e  bottom o f  th e  a q u a r i a .  The w a te r  tem­
p e r a t u r e s  th roughou t  t h i s  exper im ent  ranged from 6 .5°  C. to  -1°  C.
One aquarium c o n ta i n e d  crude  o i l - s i l t .  The second tank c o n ta in ed  
No. 2 o i l - s i l t .  The t h i r d  aquarium c o n t a i n i n g  u n o i l e d  sedim ents  se rved  
a s  the  c o n t r o l .  (See F ig u re  4 f o r  l a b o r a t o r y  s e t - u p . )
The t h r e e  1 0 -g a l lo n  t a n k s  r e c e iv e d  t h e  d o u b l e - c a r t r i d g e  f i l t e r e d  
seaw a te r  from PVC p l a s t i c  p ip e s  above th e  a q u a r i a .  The w a te r  was pumped 
d i r e c t l y  from G rea t  Bay. The le v e l  o f  s eaw ate r  in  t h e  open w a te r  t a b l e  
t a n k s  which h e ld  th e  a q u a r i a  was m a in ta ined  t o  a h e i g h t  o n e - t h i r d  t h a t  
o f  th e  a q u a r i a .  The combination o f  slow f low - th rough  and w a te r  ba th  
a l lowed th e  f lo u n d e r s  in  t h e  a q u a r ia  t o  e x i s t  a t  approx imate ly  th e  
ambient  w a te r  t e m p e ra tu re s  o f  th e  Bay.
Three male and t h r e e  female a d u l t  L. putnami were in  each tank 
( c o n t r o l ,  No. 2 fue l  and crude  o i l ) .  Control  and t r e a tm e n t  groups con­
s i s t e d  o f  s i m i l a r  s i z e  c l a s s e s .  Mean le n g th  o f  f i s h  in  the  c o n t r o l  tank 
was 13.77+ 0.81 cm. The mean f lo u n d e r  l e n g th  in  th e  c rude  o i l  tank  was
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Figure  4. Flow-through l a b o r a t o r y  s e t - u p .
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1 5 . 22+_ 0 .99  cm and th e  mean le n g th  o f  t h e  f i s h  in  t h e  No. 2 fue l  tank  
was 13.05+. 0.49 cm.
The f low - th rough  exper im en t  was conducted from November 5,  1980 
th rough  March 30, 1981. Water samples from each aquarium were taken  
p e r i o d i c a l l y  f o r  th e  d u r a t io n  o f  th e  exper im ent  f o r  a n a l y s i s  o f  hydro­
carbon c o n te n t  by f l u o r e s c e n t  sp e c t ro p h o to m e t r y .
WSF P r e p a r a t i o n  f o r  S t a t i c  Systems
The w a te r  s o lu b le  o i l  f r a c t i o n  was p rep a red  by p l a c i n g  one p a r t  o i l  
(6 6  ml) over  9 p a r t s  (594 ml) M i l l i p o r e - f i l t e r e d  I n s t a n t  Ocean s eaw ate r  
i n  a one l i t e r  h e x a n e - r in se d  beaker  which was covered  w i th  b lack  p l a s t i c  
and h e x a n e - r in se d  f o i l .  The beaker  was p la ce d  on a m a g n e t i c - s t i r r e r .
The o i l - w a t e r  m ix ture  was s lowly s t i r r e d  a t  a speed so t h a t  th e  v o r tex  
was no more than 25% o f  the  l i q u i d ' s  dep th ,  f o r  a p e r io d  o f  24 hours .  
A f t e r  mix ing,  t h e  c o n te n t s  of  the  beaker  were p laced  i n t o  a hexane-  
r i n s e d  g l a s s  s e p a r a to r y  funnel which a l s o  was covered  w i th  b lack 
p l a s t i c .  The o i l  and w a te r  phases  were a l lowed to  s e p a r a t e  f o r  2-6 
hours  b e fo re  t h e  w a te r  phase was removed from th e  f u n n e l ,  and u t i l i z e d  
immedia te ly  in  ex p e r im en t s .  D i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  WSF were 
p rep a red  by d i l u t i n g  the  s tock  WSF with  f i l t e r e d  seaw a te r  immediately 
b e fo re  use .
To de termine  th e  b e s t  low - leve l  c o n c e n t r a t i o n s  o f  th e  WSF t o  which 
L. putnami y e a r l i n g s  and a d u l t s  should  be exposed, t o x i c i t y - t o l e r a n c e  
t e s t s  were performed. Using th e  crude  o i l  f i r s t ,  and then  fo l low ing  
s i m i l a r  p rocedures  with  the  No. 2 fue l  o i l ,  two r e p l i c a t e  j a r s  each con-
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t a i n i n g  two l a b - r e a r e d  y e a r l i n g s  were exposed t o  WSF c o n c e n t r a t i o n s  of:  
75%, 50%, 25%, 10%, 5% and 0%. Over a f i v e - d a y  p e r io d ,  t h e r e  were s u r ­
v iv o r s  in  only the  10%, 5% and 0% WSF c o n c e n t r a t i o n s .  C o n c e n t r a t io n s  o f  
7%, 4% and 2% WSF, as well  as  th e  0% c o n t r o l  were s e l e c t e d  f o r  both the  
c rude  and No. 2 fue l  lo n g - t e rm  s t a t i c  exposure  sys tems .  Diatom and 
M i l l i p o r e  (0 .8  * i ) - f i l t e r e d  seaw a te r  was mixed w i th  th e  100% WSF s tock  
s o l u t i o n ,  t o  c r e a t e  t h e  f i n a l  WSF c o n c e n t r a t i o n s .  The f i l t e r e d  s eaw ate r  
was s t o r e d  a t  th e  exper im en ta l  t e m p e ra tu re  p r i o r  t o  WSF d i l u t i o n  so t h a t  
t h e  s o l u t i o n  cou ld  be immedia te ly  in t r o d u c e d  t o  t h e  exper im enta l  con- 
t a i  n e r s .
One h a l f  o f  th e  volume o f  WSF-seawater was r e p l a c e d  in  each e x p e r i ­
mental c o n t a i n e r  a t  th r e e - d a y  i n t e r v a l s .  The w a te r  volume as  well  as 
bottom w as tes  were s iphoned o u t  o f  th e  c o n t a i n e r  and th e  f r e s h  WSF s o l u ­
t i o n  was i n t r o d u c e d  w i th  as l i t t l e  d i s t u r b a n c e  or  added oxygenat ion  as 
p o s s i b l e .  Water samples were taken  f r e q u e n t l y  dur ing  t h e s e  s t a t i c  WSF 
exper im ents  to  de termine  hydrocarbon c o n c e n t r a t i o n s  b e fo re  and a f t e r  WSF 
renewal .  In t h i s  way, i t  was de termined t h a t  th e  th r e e - d a y  r e p l e n i s h ­
ment p e r io d  was s u f f i c i e n t  t o  m a in ta in  hydrocarbon l e v e l s  in  s o l u t i o n .
S t a t i c  System Set-Up
The s t a t i c  systems were des igned  t o  a llow th e  d e t e c t i o n  o f  th e  
e f f e c t s  o f  lo n g - te rm  lo w - lev e l  exposure  t o  WSF of  o i l  on th e  f i s h .  The 
c rude  and No. 2 fue l  s t a t i c  systems were each s e t - u p  i d e n t i c a l l y  as 
fo l l o w s :  E ig h t  o n e -g a l lo n  g l a s s  j a r s ,  each c o n t a i n i n g  two l i t e r s  of
M i l l i p o r e d  I n s t a n t  Ocean seaw a te r ,  were covered  w i th  b lack p l a s t i c .  
S a l i n i t y  was m a in ta ined  a t  28 p p t .  F ish  were i n t r o d u c e d  to  th e  j a r s  f o r
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2 weeks p r i o r  t o  th e  a d d i t i o n  o f  WSF. The j a r s  were covered  with  f o i l  
and p a r a f i lm  t o  p r e v e n t  l i g h t  i n f i l t r a t i o n  and to  keep e v a p o r a t io n  t o  a 
minimum. A g l a s s  p i p e t t e  was poked through th e  top and connec ted  to  an 
a i r  supply a t  th e  r a t e  o f  a bubble  every  t h r e e  seconds .  Anderson e t  a l . 
(1974b) found t h a t  s l i g h t  a e r a t i o n  a t  t h i s  r a t e  r e s u l t e d  in  l i t t l e  a d d i ­
t i o n a l  l o s s  o f  n a p th a l e n e s ,  t h e  f r a c t i o n  in  WSF t h a t  i s  q u i c k e s t  to  
v o l a t i l i z e  in  a 24-hour  p e r io d  (Winte rs  and P a r k e r ,  1977).
The e i g h t  j a r s  r e p r e s e n t e d  th e  c o n t r o l ,  7%, 4% and 2% WSF t r e a tm e n t s  
and r e p l i c a t e s  t h e r e o f .  (See F ig u re  5 f o r  s t a t i c  s e t - u p . )
No. 2 Fuel S t a t i c  System
This  exper im ent  was conducted in  a w a l k - i n ,  t h e r m o s t a t i c a l l y  
c o n t r o l l e d  c o ld  room which was m a in ta in ed  a t  10° C. Keeping th e  f l o u n ­
d e r s  a t  t h i s  t e m p e ra tu re  a l lowed them t o  c o n t in u e  to  fe ed  norm al ly .
This  was done t o  de termine  whether  t h e  reduced  m e tab o l ic  r a t e  a n d /o r  th e  
lower f e e d in g  r a t e s  encoun te red  in  t h e  lower ambient  t e m p e ra tu re  (0 °) 
w a te r  t a b l e  exper im en ts  have any e f f e c t  on o i l  g e n o t o x i c i t y .
The remain ing l a b - r e a r e d  y e a r l i n g s  were invo lv ed  in  t h i s  exper im en t .  
Two i n d i v i d u a l s  were p laced  in  each o f  th e  e i g h t  j a r s .  Each j a r  con­
t a i n e d  two y e a r l i n g s ,  av erag ing  4.42+ 0.51 cm in  s i z e .  Gonads had no t  
y e t  developed upon d i s s e c t i o n ,  so sex was no t  de termined .
The No. 2 fue l  WSF exper iment  commenced on December 3 ,  1980, and ran 
f o r  96 days,  ending on March 6 , 1981.
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Figure  5. S t a t i c  WSF system l a b o r a t o r y  s e t - u p .
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Crude Oil S t a t i c  System
The e i g h t  j a r s  f o r  t h i s  exper im en t  were k e p t  in  t h e  w a te r  t a b l e s ,  
immersed to  t h e  t w o - l i t e r  d ep th ,  a t  ambient bay t e m p e r a t u r e .  A d u l t  L. 
putnami were used .  One i n d i v i d u a l  was a l l o c a t e d  to  each j a r  due to  
space  l i m i t a t i o n s .  The f i r s t  f o u r  t r e a t m e n t  j a r s  c o n t a i n e d  males and 
t h e  r e p l i c a t e  t r e a t m e n t s  c o n ta i n e d  fe m a le s .  The f i s h  ranged  i n  s i z e
from 13.8  cm t o  7 .9  cm with  a mean o f  1 1 . 5 2 2 . 2  cm.
The c rude  o i l  WSF s t a t i c  exper im en t  began on December 9 ,  1980 and 
l a s t e d  99 d a y s ,  end ing  March 19, 1981. Ambient w a te r  t a b l e  t e m p e r a t u r e s  
ranged from 4° C. t o  -1°  C.
Larva l WSF Exposure  Exper im ents
To d e te rm ine  t h e  e f f e c t s  o f  s i m i l a r  WSF c o n c e n t r a t i o n s  (0 ,  2%, 4* 
and 7%) upon l a r v a e  o f  t h e  smooth f l o u n d e r ,  s t a t i c  systems were s e t  up 
s i m i l a r  t o  t h o s e  f o r  t h e  a d u l t  L. p u tn a m i . Using f r e s h l y  h a tc h e d  "yolk  
sac"  s t a g e  f r y  from t h e  1981 smooth f l o u n d e r  UNH l a b o r a t o r y  b re e d in g  
program, ( F ig u re  6 ) ,  m i n i - s t a t i c  systems in  h a l f - l i t e r  b e a k e r s  were s e t  
up ,  w ith  both c rude  and No. 2 fu e l  WSF as  d e s c r i b e d  p r e v i o u s l y .  The
exper im en t  was t e r m i n a t e d  when th e  yo lk  s ac s  had been a b so rb ed .  The
f i s h  began h a tc h i n g  on February  14,  1981 and t h e  ex p e r im en t  c o n t in u e d  
th rough  Feb rua ry  23,  1981. T h i r t y - f o u r  l a r v a e  were p l a c e d  in  each o f  
t h e  crude  WSF c o n t a i n e r s .  S i x t y - e i g h t  l a r v a e  were p l a c e d  in  each o f  th e  
No. 2 fue l  e x p e r im en ta l  c o n t a i n e r s .  These c o n t a i n e r s  were 50% submerged 
i n  th e  ambient t e m p e ra t u re  w a te r  t a b l e s  which ranged  from 3 .5 °  C. t o
0 .5 °  C. The WSF was renewed every  t h r e e  days d u r in g  t h e  l a r v a l  expo­
s u r e s .  A maximum o f  f o u r  chromosome p r e p a r a t i o n  s l i d e s  were made f o r
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Figure  6 . Smooth f l o u n d e r  .yolk sac f r y .
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each o f  th e  s u r v iv in g  l a r v a e  in  t h e s e  ex p e r im en t s .
P o s i t i v e  Control
In o rd e r  t o  dem ons t ra te  t h a t  chromosomes in  g i l l  c e l l s  a r e  su scep ­
t i b l e  t o  c l a s t o g e n i c  a c t i o n  induced by mutagens,  two p o s i t i v e  c o n t ro l  
exper im en ts  were comple ted.  Smooth f lo u n d e r s  were exposed to  two known 
chromosome b reak ing  a g e n t s ,  e thy l  m e th a n esu l fo n a te  (EMS) ( P e r r y ,  1980; 
Hooftman, 1981; and Hooftman and Vink, 1981),  and cyclophosphamid (CP), 
Drake e t  a l . , 1975; Dean, 1979; and K1igerman, 1979b).  Both a re  a l k y ­
l a t i n g  a g e n t s .  200 m g / l i t e r  (0.0016M) EMS y i e l d e d  chromosome a b e r r a ­
t i o n s  in  g i l l  t i s s u e  o f  Notobranchius  rachowi in  Hooftman (1981) .  Drake 
e t  a l . (1975) found t h a t  0 .01 M (1 .24  g / l i t e r )  EMS c o n s i s t e n t l y  y i e l d e d
mutagenic  r e s u l t s  equal t o  t h e  e f f e c t s  o f  2000 rad .  Both o f  t h e s e  con­
c e n t r a t i o n s  were used in  th e  EMS exper im en t .
The EMS exper iment  took p la ce  in  t h e  10° C. c o ld  room and invo lved  
e i g h t  a d u l t  L. p u tnam i , i n d i v i d u a l l y  p laced  in  o n e -g a l lo n  j a r s  with  2 
l i t e r s  of  a e r a t e d  M i l l i p o r e - f i l t e r e d  (0 .8  ju) s eaw ate r  (28 p p t )  in  each . 
Four f i s h  were not exposed to  EMS ( c o n t r o l s ) .  Two f i s h  were exposed to  
1.24 g / l i t e r  (0.01M) EMS and t h e  remain ing two f i s h  were exposed to  200 
m g / l i t e r  (0.0016M) EMS. EMS was added d i r e c t l y  t o  th e  w a te r  and allowed 
t o  d i s s o l v e  p r i o r  t o  i n t r o d u c i n g  th e  f i s h .  The f i s h  were k e p t  in  th e  
EMS f o r  48 hours .  All f i s h  were then  p laced  in  c o l c h i c i n e  (0.01%) f o r  
13 hours  and were then  s a c r i f i c e d  f o r  chromosome exam ina t ion .
Kligerman (pe rsona l  communication) recommended th e  use  o f  CP a t  a 
c o n c e n t r a t i o n  o f  between 0 . 1  and 2 00  m g / l i t e r  f o r  an i n - w a t e r  t r e a t m e n t .
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Six  L. putnami a d u l t s  were m a in ta in ed  in  th e  10° C. c o ld  room p r i o r  to  
use  in  t h i s  exper im en t .  Six o n e -g a l lo n  slowly a e r a t e d  g l a s s  j a r s  were 
f i l l e d  with  2 l i t e r s  m i l l i p o r e - f i l t e r e d  (0 . 8^ )  s eaw ate r  (28 p p t ) ,  and 
a l lowed to  s t a b i l i z e  a t  10° C. in  t h e  co ld  room. One f i s h  was p la ce d  in 
each j a r .  Two j a r s  se rv ed  as  c o n t r o l s .  Two j a r s  r e c e iv e d  CP in  a con­
c e n t r a t i o n  o f  25 m g / l i t e r ,  and t h e  second p a i r  o f  t r e a t m e n t  j a r s  
r e c e iv e d  125 m g / l i t e r  CP. CP was d i s s o lv e d  in  d i s t i l l e d  w a te r  p r i o r  t o  
f i n a l  d i l l u t i o n  i n t o  t h e  j a r s .  The exper iment  con t in u ed  f o r  48 h o u rs ,  
a t  which t ime a l l  f i s h  were p la ce d  in  c o l c h i c i n e  (0 . 0 1%) f o r  13 hours  
and then s a c r i f i c e d  f o r  chromosome exam ina t ion .
Chromosome P r e p a r a t i o n s  
f i s s u e s  o f  t h e  smooth f l o u n d e r  a d u l t s  were i s o l a t e d  and t e s t e d  
i n d i v i d u a l l y  f o r  e f f e c t i v e n e s s  in  chromosome sp read  t e c h n i q u e s .  T i s s u e s  
examined were:  g i l l  e p i t h e l i u m ,  muscle ( d o r s a l ,  v e n t r a l ,  c a u d a l ,  and
l a t e r a l ) ,  i n t e s t i n e ,  k id n ey ,  gonads,  l i v e r ,  eye ( t o t a l  s q u as h ) ,  c o rnea ,  
caudal s c a l e ,  m id - s e c t io n  s c a l e ,  b r a i n  and f i n - t i p s .  Larvae were 
d iv id e d  i n t o  head and t a i l  s e c t i o n s .  The m id - se c t io n  was d i s c a r d e d  to  
avo id  i n t e r f e r e n c e  from food p a r t i c l e s .
Because a d u l t  g i l l  t i s s u e  was found to  have th e  h i g h e s t  m i t o t i c  
index  and a l s o  produced th e  b e s t  chromosomal s p r e a d s ,  i t  was used 
th ro u g h o u t  t h e s e  e x p e r im en t s .  The l a r v a l  t i s s u e s  d id  no t  y i e l d  enough 
c e l l s  f o r  chromosomal exam ina t ion .
The r a p id  chromosome t e c h n i q u e ,  m odif ied  f o r  marine v e r t e b r a t e s ,  was 
based  on t h a t  p u b l i s h e d  by Kligerman and Bloom in  1977b. F ish  were
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a l l  owed to  swim in  0 .01"  c o l c h i c i n e  f o r  18 h ou rs .  The c o l c h i c i n e  was 
d i s s o lv e d  in  f i l t e r e d  w a te r  o f  t h e  same s a l i n i t y  and te m p e ra tu re  as  t h a t  
from which th e  f i s h  came. A f t e r  c o l c h i c i n e  t r e a t m e n t  f i s h  were s a c r i ­
f i c e d  by d e c a p i t a t i o n .  The e n t i r e  s e t  o f  g i l l  a rch es  was removed and 
p laced  in  ten  t im es  i t s  volume o f  e i t h e r  0.15% KCL hypoton ic  s o l u t i o n  or  
d i s t i l l e d  w a te r .  Both t r e a tm e n t s  y i e l d e d  s i m i l a r  r e s u l t s .  A f t e r  a 30 
minute  hypotonic  t r e a t m e n t ,  t h e  t i s s u e s  were c u t  i n t o  0 .5  cm p ie c e s  and 
f i x e d  in  two o r  more changes  of  3:1 e th a n o l :  a c e t i c  a c id  f o r  a t  l e a s t  30 
minutes  each. T i s s u e s  were s t o r e d  in  f r e s h  f i x a t i v e ,  covered  and r e f r i ­
g e r a t e d  f o r  up to  one month p r i o r  to  s l i d e  p r e p a r a t i o n .
To p rep a re  s l i d e s  a f t e r  s t o r a g e ,  t i s s u e  was removed from th e  f i x a ­
t i v e  and touched t o  f i l t e r  paper  t o  remove excess  f i x a t i v e .  The t i s s u e  
was then immediately p la ce d  in  t h e  well o f  a c l e a n  d e p re s s io n  s l i d e  and 
2-3 drops o f  50% a c e t i c  a c i d  was added. The t i s s u e  was gen t ly  minced 
f o r  one minute t o  form a c e l l  su sp en s io n .  T i s su e  f ragments  were 
removed. Then, u s ing  a p a s t e u r  p i p e t t e ,  t h e  c e l l  suspens ion  was 
withdrawn and e x p e l l e d  onto a c l e a n  s l i d e  which was hea ted  t o  45° C. on 
a s l i d e  warmer. The suspens ion  was withdrawn i n t o  th e  p i p e t t e  w i th in  30 
seconds ,  l e a v in g  a 1 cm d ia m e te r  r i n g  o f  c e l l s  on th e  s l i d e .  Three such 
r i n g s  o f  c e l l s  were p la ce d  on each s l i d e  by r e p e a t i n g  th e  p i p e t t i n g  p ro ­
c edu re .  Some o f  th e  marginal c e l l s  in  t h e  r i n g  would b u r s t  on th e  
h e a te d  s l i d e  l e a v i n g  metaphase  s p r e a d s .  The s l i d e  was then coded w i th  a 
diamond penci l  t o  a llow f o r  b l i n d  s c o r in g ,  and a l lowed t o  cool p r i o r  to  
s t a i n i n g .
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Chromosome S t a i n i n g  Methods
Severa l  he te ro ch ro m at in  banding methods were a t t e m p ted .  These 
i n c lu d e d  G- and C- banding ,  acco rd in g  to  th e  methods d e s c r ib e d  by 
Kligerman and Bloom (1977a) ,  and n u c l e o l a r  o rg a n iz in g  reg ion  (NOR) 
s i l v e r - s t a i n i n g  as d e s c r ib e d  by Goodpasture  and Bloom (1975) and 
Kligerman and Bloom (1977a) .  F lu o rescen ce  s t a i n i n g  was a l s o  a t t e m p ted .  
These s t a i n s  in c lu d e d  33258 Hoechst,  Q u inacr ine  HCL (Kligerman and 
Bloom, 1977a) and A c r id in e  Orange (D a r l in g to n  and LaCour, 1975).
S t a i n i n g  w i th  Methyl Green-Pyronin  (MGP) was a t t em p ted  u s ing  t h e  methods 
d e s c r ib e d  in  D a r l in g to n  and LaCour, (1975) .  L a s t l y ,  t h e  genera l  t o t a l  
chromosome s t a i n  used  in  t h i s  s tudy was a Giemsa s t a i n  made up o f  1 .5  ml 
s tock  Giemsa l i q u i d  ( F i s h e r )  p lu s  3 .5  ml o f  pH 7 .0  phosphate  b u f f e r  
(Gurr Labora to ry  phosphate  t a b l e t s  p lu s  d i s t i l l e d  w a t e r ) .  The Giemsa 
s o l u t i o n  was l e f t  on th e  s l i d e  f o r  30 m in u te s ,  a f t e r  which i t  was r i n s e d  
o f f  w i th  d i s t i l l e d  w a te r .  The s l i d e  was then a llowed to  a i r  d ry ,  p laced  
in  xylene  f o r  ten  m inu te s ,  and a l lowed to  dry a g a in .  Cover s l i p s  were 
then  a p p l i e d  with  a s y n t h e t i c  mounting medium.
The G iem sa-s ta ined  chromosome sp reads  were used t o  e s t a b l i s h  d i p l o i d  
modal counts  from normal d i p l o i d  f i s h  and t o  e s t a b l i s h  a d i p l o i d  
ka ry o ty p e  f o r  L. pu tnam i. In th e  o i l - e x p o s u r e  ex p e r im en t s ,  Giemsa- 
s t a i n e d  chromosome sp reads  were used in  s c o r in g  chromosome a b e r r a t i o n s  
as well as  to  e s t a b l i s h  t h e  exper im enta l  d i p l o i d  coun ts  f o r  comparison 
t o  t h e  c o n t ro l  d i p l o i d  c o u n t s .  The a b e r r a t i o n s  sco red  were: r i n g s ,
f r ag m e n ts ,  chromat id  d e l e t i o n s ,  t r a n s l o c a t i o n s  and complex r e a r r a n g e ­
ments .  F o r t y - f i v e  m i t o t i c  sp reads  were sco red  a t  metaphase f o r  each
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t r e a t m e n t  and r e p l i c a t e  t r e a t m e n t .  Examinations  were made wi th  an 
Olympus b i n o c u l a r  r e s e a r c h  microscope u s in g  l i g h t  f i e l d  o p t i c s  and o i l  
immersion a t  a m a g n i f i c a t i o n  o f  1000X.
The da ta  a r e  p r e s e n te d  in  s ev e ra l  d i f f e r e n t  ways: (1) p e r c e n t  ch ro ­
mosomes damaged pe r  t o t a l  number o f  chromosomes examined; (2 ) th e  number 
o f  a b e r r a t i o n s  pe r  t o t a l  numer o f  c e l l s  examined; (3) number o f  c e l l s  
w i th  two o r  more a b e r r a t i o n s  pe r  number o f  c e l l s  examined; and (4) 
number o f  c e l l s  w i th  two o r  more a b e r r a t i o n s  p e r  number o f  c e l l s  w ith  a t  
l e a s t  one a b e r r a t i o n .
A pho tog raph ic  r e c o rd  o f  chromosome sp read s  was o b ta in e d  f o r  each 
t r e a tm e n t .  Automat ic -exposure  Olympus photomicrographic  equipment was 
used f o r  both f l u o r e s c e n t  and condensed l i g h t  exposu res .  Colo r  s l i d e s  
were made with Kodak EL-135 (400 ASA) f i l m ,  and b lack  and w hi te  pho­
tog raphs  were made on Kodak Hi C o n t r a s t  Copy Film a t  ASA 64.
S t a t i s t i c a l  Methods
The T e s t  was used to  t e s t  t h e  nul l  h y p o th e s i s  t h a t  th e  in c id e n ce  
of  chromosome a b e r r a t i o n s  was independent  o f  exposure  t o  WSF, o i l -  
sed iment o r  a l k y l a t i n g  a g e n t s .  T rea tment  r e s u l t s  were compared with  the  
c o n t r o l s .  The F-Max T e s t  was used  t o  de termine  i f  v a r i a n c e s  were equal 
f o r  th e  chromosome f requency d a t a ,  as  well  as  f o r  t h e  chromosome a b e r r a ­
t i o n  d a ta .
The Kolmogorov/Smironov T e s t  i s  des igned  t o  compare t h e  g oodness -o f -  
f i t  o f  an observed  to  an expec ted  ( c o n t r o l )  cum ula t ive  f requency d i s t r i ­
b u t io n .  I t  was used in  t h e s e  exper iments  to  compare chromosome counts
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between t r e a tm e n t s  and t h e  c o n t r o l s .  Because t h e  Kolmogorov/Smironov 
g o o d n e s s - o f - f i t  t e s t  u ses  th e  exper im en ta l  c o n t ro l  as  a s t a n d a r d  a g a i n s t  
which th e  t r e a tm e n t s  a r e  compared, a l l  o f  th e  c o n t r o l s  were compared 
w i th  each o t h e r .  This  was done t o  d e t e c t  any i r r e g u l a r  c o n t r o l s .
C e l l / T i s s u e  C u l tu r e  Methods 
To de termine  th e  f e a s i b i l i t y  o f  s i s t e r  chromatid  exchange a n a l y s i s ,  
and t o  e s t a b l i s h  th e  c e l l  c y c l e  l e n g th  f o r  L. pu tnam i , s ev e ra l  in  v i t r o  
t e c h n iq u e s  were a t t e m p ted .  S a c - f ry  c u l t u r e  was implemented acco rd in g  to  
t h e  p ro toco l  e s t a b l i s h e d  by Dr. F r a n k l i n  Rober ts  a t  t h e  U n iv e r s i t y  o f  
Maine (pe rsona l  communicat ion) .  Adult  gonadal t i s s u e  c u l t u r e  was 
a t t e m p ted  accord ing  t o  t h e  t e c h n iq u e s  o f  R ober ts  (1966) and Wolf and 
Quimby (1976) .  S h o r t - t e rm  kidney t i s s u e  c u l t u r e  f o r  chromosomal a n a ly ­
s i s ,  as e s t a b l i s h e d  by Hol lenbeck and Chrisman (1981) ,  was a l s o  
a t t e m p te d .  In t h e  autumn o f  1978 s a c - f r y  o f  the  summer f l o u n d e r ,  
P a r a l i c h t h y s  d e n ta tu s  were o b ta in e d  from th e  N a rag a n se t t  EPA Labora tory  
i n  Rhode I s l a n d ,  and used as  a smooth f lo u n d e r  p r o to ty p e  f o r  t h e  s a c - f r y  
c u l t u r e  method p r i o r  t o  th e  l a b o r a t o r y  smooth f lo u n d e r  h a tc h .  Smooth 
f l o u n d e r s  were used f o r  a l l  o t h e r  c e l l  c u l t u r e  a t t e m p t s .
F luo rescence  D e te rm ina t ion  o f  Hydrocarbon C o n ce n t r a t io n s  
Water samples were m oni to red  f o r  hydrocarbon c o n t e n t  f r e q u e n t l y  
du r in g  th e  WSF and f low - th rough  ex p er im en ts .
Water samples from t h e  s t a t i c  systems were taken  b e fo re  the  WSF 
r e f r e s h e r - c h a n g e ,  immediate ly  a f t e r  th e  change , and each day t h e r e a f t e r
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u n t i l  t h e  nex t  WSF r e f r e s h e r  was added. This  was done a t  l e a s t  once f o r  
each tank o r  j a r  used in  t h e  s t a t i c  ex p e r im en t s .
Water samples were taken  a t  approx im ate ly  fo u r -d ay  i n t e r v a l s  between 
days 43 and 91 from th e  f low - th rough  o i l  sed iment t a n k s .  Water samples 
were taken  in  h e x a n e - r i n s e d  v o lu m e t r ic  f l a s k s  from th e  middle  depth of  
each tank o r  j a r ,  where a e r a t i o n  was minimal.  Upon i n t r o d u c t i o n  o f  the
o i l - s i I t  m ix tu r e s ,  ( o r  t h e  c lea n  s i l t  in  t h e  case  o f  the  c o n t ro l  t a n k ) ,  
w a te r  samples were taken  a f t e r  a fo u r  hour s e t t l i n g  p e r io d  had e l a p s e d .
Water samples were tak en  in  t h e  f i e l d  a t  th e  two l o c a t i o n s  from 
which th e  a d u l t  smooth f l o u n d e r s  were s e in ed :  Crommett Creek and th e
t i d a l  c reek  near  t h e  Route 155/Route  4 i n t e rc h a n g e  in  Durham, N.H. 
(F ig u re  2 ) .  Water samples were taken  a t  t h r e e  l e v e l s  in  th e  w a te r  
column (upper ,  m idd le ,  and lower ,  t h e  l a t t e r  immedia tely above the  
s ed im en t ) .  The samples were taken  to  t e s t  f o r  t h e  p re sence  o f  hyd ro ca r ­
bons in  t h e  f l o u n d e r ' s  n a t u r a l  h a b i t a t .
WSF (100%) samples o f  both th e  c rude  and No. 2 fue l  o i l  were ana­
ly z ed .  These were used as  s t a n d a r d s  to  de termine  th e  im p o r tan t  peaks to  
use  as i n d i c a t o r s  o f  Venezuelan o i l - o r i g i n a t e d  hydrocarbons .
Water samples were p re p a red  f o r  f l u o r o m e t r i c  a n a l y s i s  as fo l low s  
(modif ied  from Gordon and K e iz e r ,  1974 and Sen Gupta e t  a l . , 1980):
1. To a 100 ml w a te r  sample,  5 ml hexane was added, a f t e r  which the
sample was p laced  in  a h e x a n e - r i n se d  f o i l - s t o p p e r e d  g l a s s  c o n t a i n e r .
The sample was shaken f o r  30 minutes  on a mechanical  s t i r r e r .  I f
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s t o r e d  b e fo re  a n a l y s i s ,  t h e  sample was f ro zen  a t  -5°  C . ,  in  th e  
da rk .
2.  The sample was thawed in  t h e  da rk .  Samples were then  shaken aga in  
f o r  5-10 m inu tes .
3.  The hexane p o r t i o n  was then  t r a n s f e r r e d  with  a p i p e t t e  t o  a beake r .
The aqueous p o r t i o n  was measured,  r e co rded  and then  d i s c a r d e d .  The
sample c o n t a i n e r  was r i n s e d  w i th  5 ml hexane and added t o  th e  hexane 
sample.  H exane - r in sed  sodium s u l f a t e  (Na2S0 4 ) was added to  th e  
hexane sample.  Th is  was done to  absorb any excess  w a te r .  The 
sodium s u l f a t e  was a l lowed t o  s e t t l e  (5-10 m in u te s ) .  The hexane 
p o r t i o n  was then poured i n t o  a r i n s e d  v ia l  and th e  remain ing 
Na2 S04  p r e c i p i t a t e  was r e - r i n s e d  with  a few ml hexane and added to  
t h e  sample v i a l .
4 .  The hexane v ia l  was t i g h t l y  s e a l e d  with  a f o i l - l i n e d  cap .  The v ia l
was l a b e l e d  and s t o r e d  in  a cool dark p lace  p r i o r  t o  f l u o r o m e t r i c
a n a l y s i s .
5. A blank  was p re p a red  w i th  hexane o n ly ,  every 5 t o  8 samples to  
a s s u r e  th e  h y d ro c a rb o n - f r e e  n a tu re  o f  the  g lassw are  and th e  hexane.
Samples were ana lyzed  on a F e r rand  "Foci"  Mark I s p e c t r o f l u o r o m e t e r  
(F e r rand  O pt ica l  Company, I n c . ) .  The e x i t a t i o n  wavelength  was s e t  a t  
310 nanometers  (nm). The s t a n d a r d  emiss ion  wavelengths  recorded  were in  
t h e  range o f  290 t o  440 nm ( r ec o rd e d  every  5 u n i t s ) .  Readings were made 
i n  microamperes rang ing  from 0 to  150. S l i t  w id ths  were s e t  a t  5 on the
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e x c i t i n g  monochronometer and a t  10  on th e  a n a ly z in g  monochronometer.  
These s e t t i n g s  y i e l d e d  enhanced r e s o l u t i o n  and minimum s a c r i f i c e  o f  sen­
s i t i v i t y .  R e s u l t s  were graphed w i th  t h e  use  o f  an IBM DEC-10 computer 
program w r i t t e n  by Dr. Alan Baker,  (Botany Department,  U n i v e r s i t y  o f  New 
Hampshi r e ) .
IV. RESULTS
C e l l / T i s s u e  C u l tu re  
Pr imary  c u l t u r e s  o f  f i b r o b l a s t - l i k e  c e l l s  were o b ta in e d  u s ing  summer 
f l o u n d e r  s a c - f r y  and smooth f l o u n d e r  s a c - f r y .  In both c a s e s ,  however,  
t h e  low tem p era tu re  r e q u i r e d  f o r  su cc e s s fu l  c e l l  c u l t u r e s  (4° C.)  d id  
n o t  a l low f o r  r a p id  c e l l  d i v i s i o n .  The c u l t u r e s  seemed to  s t a g n a t e  
a f t e r  an i n i t i a l  b u r s t  o f  growth,  and e v e n t u a l l y  became con tam ina ted ,  o r  
d ied .
Adul t  smooth f l o u n d e r  gonadal t i s s u e  c u l t u r e  was a l s o  u n s u c c e s s f u l ,  
a s  was kidney c u l t u r e .
Chromosome S ta i n i n g  
The Q u inacr ine  musta rd  and A c r id in e  Orange s t a i n s  produced good 
f lu o r e s c e n c e  (with  an FTC e x c i t i n g  f i l t e r  and a 515 b a r r i e r  f i l t e r ) ,  
b u t  in d iv id u a l  bands cou ld  no t  be r e s o lv e d  (see  F ig u res  7 and 8 ) .  The 
o t h e r  he te ro ch ro m at in  and th e  Methyl Green Py ron in ,  (MGP) s t a i n s  t e s t e d  
were no t  e f f e c t i v e  on th e  L. putnami chromosomes. The s i l v e r  s t a i n  f o r  
NORs was s u c c e s s f u l .  Darkened NOR a re a s  cou ld  be i d e n t i f i e d  a t  the  
t e lo m ere s  o f  one o r  more chromosomes per  sp read  (F igu re  9 ) ,  b u t  the  
s i l v e r - p o s i t i v e  reg io n s  were no t  c o n s i s t e n t l y  p r e s e n t .
The Giemsa s t a i n  in  a 7 .0  pH phosphate  b u f f e r  uniformly  s t a i n e d  the  
e n t i r e  l e n g th  o f  chromosome, a l though  chromosomes in  some sp read s  were 
n o t  s t a i n e d  a t  th e  centromere  reg ion  (F igu re  1 0 ) .  R e s u l t s  o f  chromosome
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Figure  7. Smooth f l o u n d e r  g i l l  c e l l  chromosomes s t a i n e d  with
A c r id in e  Orange.
Figure  8 . Smooth f l o u n d e r  g i l l  c e l l  chromosomes s t a i n e d  with
Q u in i c r in e  Mustard.
Figure 9. Smooth f l o u n d e r  g i l l  c e l l  chromosomes s t a i n e d  with  
NOR s i l v e r  s t a i n .
F igure  10. Smooth f l o u n d e r  g i l l  c e l l  chromosomes s t a i n e d  w i th  Giemsa,
dem o n s t ra t in g  l i g h t  c en t ro m eres .
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numerical  and s t r u c t u r a l  exam ina t ions  were o b ta in e d  from t h e  Giemsa 
s t a i n i n g  t e c h n iq u e .  The modal number in  normal c o n t r o l s  i s  48 (F igu re  
1 1 ) .  A na lys is  o f  th e  k a ryo type  o f  d i p l o i d  c o n t r o l s  (F ig u re  12) i n d i ­
c a t e d  e i g h t  s u b - t e l o c e n t r i c  and s i x t e e n  t e l o c e n t r i c  chromosome p a i r s  
r a n g in g  in  s i z e  from 5 a  t o  2 .3  u .  Pho tog raph ic  examples o f  each o f  t h e  
f i v e  chromosome a b e r r a t i o n s  found in  t r e a t e d  f i s h  a r e  shown in  F ig u re s  
13 th rough  16.
S t a t i s t i c a l  A n a ly s i s  
The F-Max T e s t s  used  to  compare v a r i a n c e s  in  a l l  exper im ents  
dem ons t ra ted  t h a t  in  both th e  chromosome coun t  f requency and chromosome 
a b e r r a t i o n  d a t a ,  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between some o f  the  
v a r i a n c e s  (Appendix 1 ) .  T h e r e f o r e ,  t h e  n o n -p a ra m e t r ic  X2 and 
Kolmogorov/Smironov s t a t i s t i c a l  t e s t s  were used t o  compare t r e a tm e n t  
r e s u l t s  w ith  th e  a p p r o p r i a t e  c o n t r o l s .
Chromosome Count Comparisons 
The d i s t r i b u t i o n s  o f  smooth f lo u n d e r  chromosome coun ts  from each o f  
t h e  exper im ents  were graphed (Appendix 2 ) .
The r e s u l t s  o f  n o n -p a ra m e t r ic  t e s t s  f o r  chromosome number v a r i a t i o n  
in  t h e  d i f f e r e n t  c o n t r o l s  used f o r  v a r io u s  t r e a tm e n t s  a re  shown in  Table
1. The r e s u l t s  show t h a t  t h e  No. 2 fu e l  s t a t i c  exper im en t  c o n t ro l  
d e v i a t e s  (P£ 0 .01)  in  d i p l o i d  coun t  f r e q u e n c i e s  from a l l  o t h e r  e x p e r i ­
mental  c o n t r o l s .  Because o f  t h i s  d e v i a t i o n ,  t h e  No. 2 fue l  s t a t i c  
exper im en ta l  chromosome f r e q u e n c i e s  were compared w i th  th e  c o n t ro l  f r e ­













F igure  11. Frequency d i s t r i b u t i o n  o f  chromosome counts  o f












Mode: 2N = 48
C el l s  Counted = 106





F igu re  12. Schemat ic  and p h o to g ra p h ic  r e p r e s e n t a t i o n  o f  t h e  d i p l o i d
complement o f  an a d u l t  smooth f l o u n d e r  g i l l  c e l l  (2N = 4 8 ) .
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Figure 13. Chromosome a b e r r a t i o n s  in  smooth f l o u n d e r  g i l l  c e l l s :  
r i n g s  (R),  chromatid  d e l e t i o n  (CD), and t r a n s l o c a t i o n  (T).
F igu re  14. Chromosome a b e r r a t i o n s  in  smooth f l o u n d e r  g i l l  c e l l s :  
r i n g s  (R) and f ragment (F~T~
Figure  15. Chromosome a b e r r a t i o n s  in  smooth f l o u n d e r  g i l l  c e l l s :  
complex rea r rangem en t  (CR), chromatid  d e l e t i o n  (CD), 
and fragment  ( F ) . ’
F igure  16. Chromosome a b e r r a t i o n s  in  smooth f l o u n d e r  g i l l  c e l l s :  
r i n g (R),  f ragment  (F ) ,  complex rea r rangem en t  (CR), 
chromatid  d e l e t i o n  (CD) and t r a n s l o c a t i o n  (t )T
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Table 1. R esults o f the Kolmoaorov-Smironov comparison o f chromosome
frequency co n tr o ls .
=2
CRUDE FLOW +(C?) FUEL
STATIC THROUGH CONTROL STATIC
CRUDE STATIC CONTROL N.S. N.S.
r ...............-
**
FLOW-THROUGH CONTROL N.S. N.S.
+ CONTROL (CP) CONTROL N.S. N.S.
#2 FUEL STATIC CONTROL ** ** **
** = (P * 0 .01) 1
M.S. = (P -  0 .05)
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d a ta  as  well as  th e  No. 2 fue l  s t a t i c  c o n t r o l  f requency d a t a .
The r e s u l t s  o f  t h e  Kolmogorov/Smironov T e s t s  a re  l i s t e d  in  Table  2. 
No s i g n i f i c a n t  d i f f e r e n c e s  were d e t e c t e d  (P^O.Ol) between t r e a t m e n t  and 
c o n t r o l  chromosome coun t  f r e q u e n c i e s  f o r  th e  CP, s t a t i c  c rude  and flow­
th rough  ex p e r im en t s .  A s i g n i f i c a n t  d i f f e r e n c e  o c cu r red  a t  t h e  P<0.05 
l e v e l  between th e  No. 2 fu e l  f lo w - th ro u g h  t r e a t m e n t  and f low - th rough  
c o n t r o l .  These No. 2 fu e l  f lo w - th ro u g h  t r e a t m e n t  f requency  d a ta  were 
then  a l s o  compared w ith  th e  c o n t r o l  d a ta  o f  th e  CP and s t a t i c  crude 
c o n t r o l  f r e q u e n c i e s .  No s i g n i f i c a n t  d i f f e r e n c e s  (P£0.01) r e s u l t e d  from 
t h i s  compar ison. T h e r e f o r e ,  t h e  No. 2 fue l  f low - th rough  t r e a t m e n t  f r e ­
quenc ie s  proved s i g n i f i c a n t l y  d i f f e r e n t  from the  f low - th rough  c o n t r o l  
f r e q u e n c i e s  b u t  no t  s i g n i f i c a n t l y  d i f f e r e n t  when compared w i th  th e  o t h e r  
exper im enta l  c o n t r o l s .
The No. 2 fue l  s t a t i c  system chromosome f requency d i s t r i b u t i o n s  were 
a l s o  s i g n i f i c a n t l y  d i f f e r e n t  (P£0.05) from th e  No. 2 fue l  s t a t i c  c o n t ro l  
and t h e  c rude  s t a t i c  c o n t r o l .  However, t h e r e  were no s i g n i f i c a n t  d i f ­
f e r e n c e s  (P£0.01)  when th e  No. 2 fu e l  s t a t i c  f r e q u e n c i e s  were compared 
w ith  th e  CP c o n t r o l  f r e q u e n c i e s .  These r e s u l t s  were t r u e  f o r  a l l  t h r e e  
WSF dose t r e a tm e n t s  in  th e  No. 2 fu e l  s t a t i c  exper im ent  {Table 2 ) .
P o s i t i v e  C o n t ro l s
Ethyl Methane S u l f o n a t e
Of t h e  s l i d e s  p rep a red  from th e  g i l l  c e l l s  from each f i s h  invo lved  
in  t h e  Ethyl Methane S u l f o n a t e  t r e a t m e n t s ,  only t h e  c o n t r o l  s l i d e s  
y i e l d e d  chromosome sp read s  ( m i t o t i c  index  = 0 .0 0 1 ) .  None o f  th e  
EMS-treated c e l l s  was in  a d i v i d i n g  s t a t e .
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Table  2. Kolmogorov-Smironov chromosome count compar isons .
EXPERIMENT TREATMENT
Crude S t a t i c  
No.2 Fuel S t a t i c  
No.2 Fuel S t a t i c  




+ Control  (CP)
7% WSF= N.S. 
7% WSF= ** 
7% WSF= ** 
7% WSF= N.S. 
#2 Fuel= * 
#2 Fuel=N.S. 
#2 Fuel=N.S.
4% WSF= N.S. 
4% WSF= ** 
4% WSF= * 




2% WSF= N.S. 
2% WSF= ** 
2% WSF= * 
2% WSF= N.S.
25 mg/l=N.S. 125 mg/l=N.S.
CONTROL USED 
FOR COMPARISON
Crude S t a t i c  
Flow-through 
Crude S t a t i c  
+ Control  (CP) 
Flow-through 
Crude S t a t i c  
+ Control  (CP) 
+ Control  (CP)
* = P^ 0.05 
** = P^ 0.01 
N.S. = P^ 0.05
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Cyclophosphamid
The Cyclophosphamid p o s i t i v e  c o n t r o l  e x p e r im en t s  showed t h a t  th e  
smooth f l o u n d e r  g i l l  c e l l s  a r e  v u l n e r a b l e  t o  chromosome-breaking a g e n t s .
Tab le  3 summarizes t h e  r e s u l t s  o f  t h i s  e x p e r im en t .  There  were no 
s i g n i f i c a n t  d i f f e r e n c e s  (P<0.01) between th e  m i t o t i c  i n d i c e s  o f  t r e a t ­
ments and t h e  c o n t r o l .  All chromosome a b e r r a t i o n s  s c o r e d  f o r  t h e  25 
mg/1 dosage of  Cyclophosphamid were s i g n i f i c a n t l y  d i f f e r e n t  from the  
c o n t r o l  a b e r r a t i o n  f r e q u e n c i e s .  Only t h e  " t r a n s l o c a t i o n "  c a t e g o r y  
showed s i g n i f i c a n t  a b e r r a t i o n  i n c r e a s e s  a t  bo th  CP dosage  l e v e l s  (25 
and 125 mg/1) .
The Kolmogorov/Smironov T e s t  r e v e a l e d  no s i g n i f i c a n t  chromosome 
number d i f f e r e n c e s  between t h e  t r e a t m e n t s  and t h e  c o n t r o l .
Larval WSF Exposure Exper im ents
S u f f i c i e n t  numbers o f  d i v i d i n g  c e l l s  were n o t  found t o  be u sed  i n  
t h i s  s tu d y ,  so t h e  l a r v a l  ex p e r im en ta l  r e s u l t s  a r e  n o t  p r e s e n t e d  h e r e .  
However, t h e  s u r v i v a l  d a t a  a f t e r  t h e  seven day d u r a t i o n  o f  t h e s e  e x p e r i ­
ments  a r e  p r e s e n t e d  in  T ab le  4 .  A s i g n i f i c a n t l y  h i g h e r  number o f  l a r v a e  
(P 0 .0 1 )  d i e d  i n  t h e  7% WSF t r e a t m e n t  than  in  t h e  0 ,  2* and 4% WSF
t r e a t m e n t s  f o r  bo th  th e  c rude  and No. 2 fu e l  e x p o su r e s .
O i l -W a te r  A n a ly s i s
The f l u o r o m e t r i c  e m is s io n  s p e c t r a  c o n s i s t e n t l y  showed a peak a t  310
nm due t o  t h e  e x c i t a t i o n  w a v e le n g th ,  which was a lways s e t  a t  310 nm. A
v a r i a b l e  e m is s io n  peak o c c u r r e d  between 335 and 340 nm. I t  was t h i s  
e m is s io n  w ave leng th  t h a t  was r e c o rd ed  t o  q u a l i f y  t h e  p r e s e n c e  o r  d e g ra -
Table 3. R esu l ts  o f  th e  cyclophosphamid p o s i t i v e  c o n t ro l  exper iment .
*  OF ABNORMALITIES SCORED PER 4 5  CELL3
+  CELLS W / £ i  
ABBERRATION8 
PER
+  OF CELLS W; 
ABERRATIONS
#  OF  CELLS 
w i t h  ^  a  





COMPLEX |  %
TRAN3LOCATIOH REARRANGEMENT PER 4 6  TOTAL
CKROMATIO











 ^ 0 .05
** = P  ^ 0 .01
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Table  4. S urv iva l  s t a t i s t i c s  from th e  s a c - f r y  exper im ent .  
No. 2 Fuel WSF
DOSE No. FRY AT START No. FRY AT END No. DEAD
0% 68 57 11
2% 68 66 2
Mo 68 68 0
7% 68 38 30 **
Crude Oil WSF 
DOSE No. FRY AT START No. FRY AT END No. DEAD
0% 34 32 2
2% 34 34 0
4% 34 34 0
7% 34 16 18 **
** = P * 0.01
(Treatments  were compared with t h e  c o n t r o l )
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d a t io n  o f  hydrocarbons in  t h e  w a te r  samples .  This  wavelength  i n d i c a t e s  
t h e  p re sence  o f  3 and 4 r i n g  a ro m a t ic  hydrocarbons  ( e . g . ,  f l u o r e n e ,  phe- 
n a th r e n e ,  pyrene ,  a n th r a c e n e ,  and f l u o r a n th e n e )  (Law, 1981 and 
Goldberg,  1980).
Flow-Through F lu o r o m e t r i c  A n a ly s i s
R e s u l t s  o f  th e  a n a l y s i s  o f  w a te r  samples taken  from th e  t h r e e  flow­
th rough  tan k s  p r i o r  t o  t h e  "day 53" o i l - s i l t  renewal a r e  i n d i c a t e d  in  
Appendix 3,  F ig u re  1. There  was very l i t t l e  i n d i c a t i o n  o f  hydrocarbons 
p r e s e n t .  These samples were taken  from th e  middle of  th e  tank w a te r  
column, so t h a t  no s i l t  was o b t a in e d .
F lu o ro m e t r i c  r e a d in g s  o f  t h e  w a te r  samples taken  a f t e r  t h e  i n t r o d u c ­
t i o n  o f  the  s i l t  and o i l  m ix tu res  on day 53 a r e  found in  Appendix 3, 
F igu re  2.  There was an i n c r e a s e  in  t h e  p o l y c y c l i c  a ro m a t ic s  in  a l l  
t a n k s .  There was an u n u s a l l y  high f lu o r e s c e n c e  over  t h e  e n t i r e  emiss ion  
wavelength  span from th e  c o n t r o l  tank  sample,  a l though  no o i l  was i n t r o ­
duced i n t o  t h a t  t a n k .  From a w a te r  sample taken  d i r e c t l y  from the  
in f low  p ipe  o f  th e  c a r t r i d g e - f i l t e r  above t h e  c o n t ro l  tank on day 120, a 
h igh f l u o r e s c e n c e  was o b ta in e d  a lm os t  i d e n t i c a l  to  t h a t  o f  th e  c o n t ro l  
samples on days 53 and 85 (Appendix 3 ,  F ig u re  3 ) .
Continuous m on i to r ing  o f  t h e  f low - th rough  tan k s  through day 89 
(Appendix 3,  F ig u r e s  4 -8 )  i n d i c a t e d  i n t e r m i t t e n t  i n c r e a s e s  in  h y d ro c a r ­
bon peaks f o r  a l l  t a n k s .  Extremely high r e a d in g s  ( e . g . ,  Appendix 3,  
F ig u r e s  5 and 7) were found p e r i o d i c a l l y  in  w a te r  samples from a l l  o f  
t h e  tanks  t e s t e d .
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S t a t i c  System F lu o r o m e t r i c  A n a ly s i s
No. 2 Fuel S t a t i c  Water A n a l y s i s . Hydrocarbon l e v e l s  were low in 
w a te r  samples taken  p r i o r  t o  WSF changes f o r  a l l  f o u r  No. 2 fue l  s t a t i c  
t r e a t m e n t s  (Appendix 3,  F ig u r e  9 ) .  The F lu o ro m e t r ic  r e a d in g s  f o r  t h e  
fo l lo w in g  days a re  i n d i c a t e d  i n  Appendix 3 ,  F ig u r e s  10-12. Again,  high 
f l u o r e s c e n c e  was d e t e c t e d  in  t h e  c o n t r o l  samples on two o c ca s io n s :  (1)
immedia te ly  a f t e r  t h e  w a te r  change ( o i l  had been , o f  c o u r s e ,  excluded  
from c o n t a c t  w i th  t h e  c o n t r o l  sea w a te r )  (Appendix 3, F igu re  10) and (2) 
48 hours  p o s t  WSF r e f r e s h e r  (Appendix 3,  F ig u re  11 ) .  High c o n t ro l  
f l u o r e s c e n c e  was d e t e c t e d  i r r e g u l a r l y  th ro u g h o u t  th e  d u ra t io n  o f  t h i s  
e xper im en t ,  d e s p i t e  p r e c a u t i o n s  a g a i n s t  o i l  exposure .  Some a rom at ic  
hydrocarbon f l u o r e s c e n c e  p e r s i s t e d  in  a l l  t r e a t m e n t s  through th e  t h i r d  
day p r i o r  to  th e  n e x t  WSF-water changes  (Appendix 3,  F ig u re  12) .
Crude Oil S t a t i c  Water A n a l y s i s . Hydrocarbon f lu o r e s c e n c e  in  th e
crude  s t a t i c  t r e a t m e n t s  p e r s i s t e d  from th e  p re v io u s  WSF-water change as  
i n d i c a t e d  in  Appendix 3,  F ig u re  13 (pre-WSF r e f r e s h e r ) .  S im i l a r  
v a r i a t i o n  in  hydrocarbon f l u o r e s c e n c e  i s  ev idenced  from th e  d a i ly  w a te r  
samples a f t e r  t h e  WSF r e f r e s h e r  was added (Appendix 3,  F ig u r e s  14-16) .  
However, t h e  c o n t ro l  samples never  e x h i b i t e d  th e  l a r g e  f l u c t u a t i o n s  in  
f l u o r e s c e n c e  em iss ion  t h a t  t h e  p re v io u s  two exper im enta l  c o n t r o l s  d id .
F i e l d - C o l l e c t i o n  S i t e  Water Sample A n a ly s i s
The w a te r  samples o b t a in e d  a t  th e  two f l o u n d e r  c o l l e c t i o n  s i t e s  
e x h i b i t e d  un ifo rm ly  low f l u o r e s c e n c e  a t  a l l  l e v e l s  of  th e  w a te r  columns, 
i n d i c a t i n g  l i t t l e  o r  no p o l y c y c l i c  a ro m a t ic  hydrocarbons  in  t h e  w a te r  
column (Appendix 3,  F ig u r e s  17 and 18) .
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Blanks and WSF S tanda rds
Examples o f  f l u o r o m e t r i c  r e a d in g s  o f  hexane b lanks  o f  g la ssw are  and 
t e s t - r i n s e s  a re  shown in  Appendix 3 ,  F igu re  19. I n t e r e s t i n g l y ,  
f l u o r e s c e n c e  was d e t e c t e d  from a sample o f  th e  Mi H i  p o r e - f i l t e r e d  w a ter  
used f o r  WSF r e f r e s h e r s  ( to p  g raph ,  Appendix 3,  F ig u re  2 0 ) .  Another 
sample o f  M i l l i p o r e d  s ea w a te r ,  however,  y i e l d e d  low f lu o r e s c e n c e  (bottom 
graph ,  Appendix 3,  F ig u r e  2 0 ) .
The f l u o r o m e t r i c  p l o t s  o f  th e  100% WSF samples a r e  shown in  Appendix 
3,  F ig u re  21. The d i f f e r e n c e  between th e  two o i l s  can be seen by the  
la ck  o f  5 - r i n g  a rom at ic  hydrocarbons  [400-450 nm (Gordon and K e ize r ,
1974)]  in  t h e  No. 2 fu e l  o i l  WSF.
F lounder -O i l  Experiments
No. 2 Fuel Oil S t a t i c  System
The r e s u l t s  o f  t h e  No. 2 fue l  o i l  WSF exper im ent  a re  summarized in  
Table  5. A b e r r a t i o n s  o c c u r re d  in  l e s s  than 1% o f  th e  t o t a l  number o f  
chromosomes in  each t r e a t m e n t .  There  were s i g n i f i c a n t l y  fewer (P<0.01) 
c e l l s  w i th  two or  more a b e r r a t i o n s  (p e r  number o f  c e l l s  with 
a b n o r m a l i t i e s )  in  th e  t h r e e  WSF t r e a t m e n t s .  The 7% WSF t r e a tm e n t  
y i e l d e d  a s i g n i f i c a n t l y  (P<0.01) h ig h e r  t o t a l  number o f  c e l l s  w i th  one 
o r  more a b e r r a t i o n s .  In t h e  same c a t e g o r y ,  (% c e l l s  w i th  a b e r r a t i o n s )  
however, t h e  2% WSF t r e a t m e n t  had s i g n i f i c a n t l y  fewer  a b e r r a n t  c e l l s  
than  d id  th e  c o n t r o l .  There were s i g n i f i c a n t l y  (P_<0.01) more t r a n s l o c a ­
t i o n s  in  th e  c o n t ro l  c e l l s  than  t h e r e  were in  t h e  2% and 4% WSF t r e a t ­
ments .  The m i t o t i c  index  ranged from 0.001 ( c o n t r o l )  to  0 .004 (4% WSF).
Table 5. Resu l ts  o f  th e  No. 2 fue l  WSF s t a t i c  exper iment .
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t  1'wo f i s h  d i e d  in  ( h i s  t re a tm e n t.  p r i o r  t o  th o  end  o f  th e  e x p e r im e n t .
I f O n e  f i n h  d i e d  In  t h i s  t r e a tm e n t  p r i o r  t o  th e  en d  o f  th e  e x p e r im e n t .
* * P * 0 .0 5  
** * P ^ 0 .01
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Three t r e a t m e n t  f i s h  d ied  du r ing  th e  exper im en t .  One o f  t h e  4% WSF 
f i s h  d ied  from i n j u r y  i n c u r r e d  du r ing  j a r  s ip h o n in g - c l e a n in g .  The 
remain ing  two d ied  du r ing  th e  l a s t  week o f  th e  exper im en t  (one from the
4% WSF and th e  o t h e r  from th e  7% WSF).
Crude Oil S t a t i c  System
The r e s u l t s  o f  th e  c rude  o i l  s t a t i c  system a n a l y s i s  a r e  summarized 
in  Table  6.
A b e r ra t io n s  occu r red  in  l e s s  than  1% o f  th e  t o t a l  number o f  chromo­
somes in  each t r e a tm e n t .  There  were s i g n i f i c a n t l y  (P<_0.01) more 
f ragments  and chromat id  d e l e t i o n s  in  th e  high WSF dose t r e a t m e n t  (7%). 
There were a l s o  s i g n i f i c a n t l y  (P£0.01) more c e l l s  w i th  a b n o r m a l i t i e s  in  
t h e  7% t r e a t m e n t  than in  t h e  c o n t r o l .  The m i t o t i c  index ranged from 
0 .01  (2% WSF) t o  0.00155 ( c o n t r o l ) .
In one o f  the  two r e p l i c a t e s ,  one f i s h  d ied  in  each o f  the  t r e a t ­
ments p r i o r  t o  the  t e r m in a t io n  o f  th e  exper im ent .
Flow-Through System
The r e s u l t s  o f  the  f low - th rough  o i l - s i I t  exposures  a r e  summarized in  
Table  7.
A b e r ra t io n s  o ccu r red  in  l e s s  than  1% o f  th e  t o t a l  number of  chromo­
somes in  each t r e a t m e n t .  G e n e ra l ly ,  few a b e r r a t i o n s  were d e t e c t e d  
o v e r a l l  in  t h i s  exper im en t .  There were s i g n i f i c a n t l y  (P£0.01)  more 
f ragments  in  t h e  c rude  o i l - s e d i m e n t  t r e a tm e n t  than  in  th e  c o n t r o l .  This  
a l s o  r e s u l t e d  in  a s i g n i f i c a n t l y  h ig h e r  (P<0.01) p r o p o r t i o n  o f  c e l l s
Table  6. Results of the crude oi l  WSF s ta t ic  experiment.
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Table 7. R esu l t s  o f  the  flow-th rough o i l  exposure exper iment .
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WITH £  > 
ABERRATIONS CEILS WITH 
ABERRATIONS
No, CHROMOSOMES 
COUNTEO________ COMPLEX \ %
TRANSLOCATION REARRANOEMENT PER 4 6  TOTAL.% OAMAOEO RINGS FRAOMENTS
2 /21976117
0 .202* 2 . 22! 2 . 22!
o i l - 117
1 7 .7 7 *
2109o l l -  
s l  I t
2 . 22!
* = P = 0 .05
** = P = 0 .01
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w ith  a b n o r m a l i t i e s  in  t h e  c rude  o i l  t r e a t m e n t  vs .  t h e  c o n t r o l .  The 
m i t o t i c  index was c l o s e  t o  0.001 f o r  a l l  t r e a t m e n t s .
All o f  th e  f i s h  s u rv iv e d  f o r  t h e  d u r a t io n  o f  t h i s  ex p e r im en t .  Not 
a l l  f i s h  were used to  o b t a i n  chromosome damage in fo r m a t io n  because  th e  
g i l l s  o f  some f i s h  had p a r a s i t i c  c y s t s ;  t h u s ,  t h e  i n a d v e r t a n t  i n c l u s i o n  
o f  th e  p a r a s i t e  chromosomes was avoided .
V. DISCUSSION
This  r e s e a rc h  d e a l t  w i th  th e  lo n g - te rm  e f f e c t s  o f  w a t e r - s o l u b l e  
f r a c t i o n s  o f  o i l  upon L. putnami g i l l  c e l l  chromosome number and morpho­
l o g y .  Many chromosome b reakage  a n a ly s e s  deal w i th  pr imary  a b e r r a t i o n s ;  
t h a t  i s ,  th o se  d e l e t e d  a t  th e  f i r s t  metaphase fo l lo w in g  t h e i r  
o c cu r ren c e .  Many o f  t h e s e  a b n o r m a l i t i e s  l e a d  t o  t h e  death  o f  one o r  
more of  th e  d augh te r  c e l l s  p r i o r  to  t h e  comple t ion  of  th e  nex t  d i v i s i o n .  
Th is  s tudy d e t e c t e d  some primary a b e r r a t i o n s ,  b u t  because o f  th e  long­
te rm  exposure ,  th e  m a j o r i t y  o f  a b e r r a t i o n s  d e t e c t e d  were presumed t o  be 
s econdary .  That i s ,  s t r u c t u r a l  changes t h a t  may no t  cause  problems a t  
d i v i s i o n  and t h a t  a r e  t r a n s m i t t e d  to  f u t u r e  c e l l  g e n e r a t io n s  (Savage,
1975) .  The chromosome a b e r r a t i o n s  which t h i s  s tudy ad d re ssed  were 
twofo ld :  numerical  and s t r u c t u r a l .
Chromosome S ta i n i n g  
These a n a ly s e s  u t i l i z e d  Giemsa s t a i n i n g  o n ly .  The chromosome 
banding t e ch n iq u es  were no t  e f f e c t i v e  due t o  t h e  s i z e  of  th e  chromo­
somes.  Kligerman s t a t e d  (pe rsona l  communication) t h a t  banding t e c h ­
n iques  w i l l  g e n e r a l l y  no t  work on chromosomes s m a l l e r  than  7 .0  p  ( t h e  L. 
putnami chromosomes a r e  approx im ate ly  5 jj -  F ig u re  12 ) .  Also,  i t  was 
im p o ss ib le  t o  use  t h e  NOR s i l v e r  s t a i n  as  a chromosome marker due t o  the  
s i m i l a r i t y  o f  a l l  o f  t h e  L. putnami chromosomes. In a d d i t i o n ,  the  
s i l v e r  p o s i t i v e  re g io n s  were no t  c o n s i s t e n t  in  number or  in  f requency  o f  
o ccu r rence  (F igu re  9 ) .
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No p a t t e r n  emerged t o  e x p la i n  t h e  o ccu r rence  o f  t h e  s t a i n - f r e e  
cen tromere  re g io n s  found in  t h e  chromosomes o f  some G iem sa-s ta ined  
sp re ad s  (F igu re  10) .  L ig h t  s t a i n i n g  o f  chromatin  i n d i c a t e s  l e s s  conden­
s a t i o n  o f  th e  DNA s t r a n d s  in  th o se  a r e a s ,  b u t  th e  reason  f o r  the  
d e c rea sed  s t r a n d  d e n s i t y  in  t h e  centromere  a r e a  o f  t h e s e  chromosomes i s  
unknown.
WSF T o x i c i t y
Chromosome count  and morphologica l  a b e r r a t i o n  a n a l y s i s  i n d i c a t e d  
t h a t  th e  WSF o i l  exposures  (The f r a c t i o n s  moni tored  in  t h i s  t h e s i s  were 
t h e  3 and 4 r i n g  a r o m a t i c s . )  dem ons t ra te  a h ig h e r  geno tox ic  e f f e c t  by 
t h e  No. 2 fue l  WSF than  th e  c rude  o i l  WSF. This  p a t t e r n  c o n f l i c t s  w ith  
t h e  r e s u l t s  o f  E l l e n t o n ' s  (1980) work with  p r o k a r y o t i c  c e l l s  in  c u l t u r e .  
She found t h a t  the  1-3 r i n g  a rom at ic  f r a c t i o n  o f  Prudhoe Bay crude o i l  
was mutagenic  in  th e  Sa lmonel la  microsome a s s a y ,  whi le  a s i m i l a r  f r a c ­
t i o n  o f  No. 2 fue l  o i l  y i e l d e d  n e g a t i v e  t e s t  r e s u l t s .  She d id  f i n d  t h a t  
t h e  4-7  r i n g  a rom at ic  f r a c t i o n  from both o i l  ty p es  was mutagenic .  T h i s ,  
however,  was in  a m ic rob ia l  t e s t  system.
The s i g n i f i c a n t  d i f f e r e n c e  in  chromosome coun t  d i s t r i b u t i o n s  as  well 
a s  th e  h ig h e r  numbers o f  chromosome a b e r r a t i o n s  in  th e  v a r io u s  No. 2 
fu e l  o i l  ex p o su res ,  when compared with  th e  c o n t r o l s  in  t h e s e  exper iments  
(Tab les  2 and 5) do c o r r e l a t e ,  however, w i th  th o se  o f  o t h e r  in  vivo 
t o x i c i t y  exper iments  in v o lv in g  both crude  and No. 2 fue l  o i l  exposures :  
Rice e t  a l . , 1976 [marine  f i s h ] ;  B o t t  and Rogenmuser, 1978 [ p l a n k t o n ] ;  
and Cucci and Ep i fano ,  1979 [decapod l a r v a e ] .  The h ig h e r  t o x i c i t y  o f  
No. 2 fue l  WSF was no t  s u r p r i s i n g  s in c e  r e f i n e d  o i l s  c o n ta in  l a r g e r
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q u a n t i t i e s  of  th e  a ro m a t ic  compounds which a r e  t h e  most t o x i c  o f  the  
p e r s i s t e n t  w a t e r - s o l u b l e  components o f  pe t ro leum  (Cucci and Epi fano ,  
1979).
Due t o  the  complexity  o f  p e t r o l e u m 's  chemical s t r u c t u r e ,  i t  cannot  
be measured with  g r e a t  p r e c i s i o n  by any s i n g l e  a n a l y t i c a l  t e ch n iq u e  
(Anderson e t  a l . , 1974b) .  Actual hydrocarbon c o n c e n t r a t i o n s  in  th e  WSF 
o f  t h e s e  exper iments  were no t  measured.  Three and f o u r - r i n g  a rom at ic  
hydrocarbons  were q u a l i t a t i v e l y  moni to red  by f l u o r e s c e n t  s p e c t r o p h o to ­
metry t o  d e t e c t  genera l  d e g ra d a t io n  r a t e s  and t o  monitor  any cumula t ive  
e f f e c t s  o f  the  p e r i o d i c  WSF " r e f r e s h e r s "  ( t h i s  cumula t ive  e f f e c t  was no t  
d e t e c t e d ) .  I n i t i a l  WSF hydrocarbon c o n c e n t r a t i o n  e s t i m a t e s  were 
o b ta in e d  from t h e  d e t e r m in a t io n s  made w i th  gas chromatography by 
Anderson e t  a l . (1974b) .  The p r e p a r a t i o n  o f  WSF in  t h e s e  exper iments  
c l o s e l y  p a r a l l e l s  the  methods used by Anderson e t  a l . (1974b) .  I t  was 
de termined  by Cucci and Epifano  (1979) t h a t ,  under th o se  c o n d i t i o n s  of 
s t a n d a rd  WSF p r e p a r a t i o n  methods,  i n i t i a l  hydrocarbon c o n c e n t r a t i o n s  
may be assumed to  be s i m i l a r  t o  th o se  c a l c u a l a t e d  by Anderson e t  a l . 
(1974b) .  Table  8 i n d i c a t e s  th e  t o t a l  hydrocarbon e s t i m a te s  f o r  th e  WSF 
c o n c e n t r a t i o n s  used in  t h e s e  exper im ents  u s in g  th e  Anderson e t  a l . 
(1974b) c a l c u l a t i o n s  as  a s t a n d a r d .  The No. 2 fue l  WSFs have a h ig h e r  
i n i t i a l  hydrocarbon c o n c e n t r a t i o n ,  rang ing  from 6.1 ppm t o  1 .7  ppm. The 
c rude  WSF ranges  from 1 .5  t o  0 .4  ppm t o t a l  hydrocarbons .  The d i f f e r e n c e  
between th e  two o i l  ty p es  r e f l e c t s  th e  i n c r e a s e  in  a rom at ic  hydrocarbons 
found in  th e  No. 2 fu e l  WSF (Anderson e t  a l . 1974b).
The WSF r e p r e s e n t s  a more h igh ly  t o x i c  subs tance  than o i l  a lo n e .
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Table  8.  Total  d i s s o l v e d  hydrocarbon e s t i m a t e s  f o r  i n i t i a l  WSF 
doses  used in  th e  smooth f l o u n d e r  s t a t i c  exposu res .
Est imated  Total  D isso lved  
Oil Type  WSF C o n ce n t ra t io n   Hydrocarbons*_______
# 2 Fuel 7% 6.1 ppm
# 2 Fuel 4% 3 .5  ppm
# 2 Fuel 2% 1.74 ppm
Crude 7% 1.54 ppm
Crude 4?b 0 .88  ppm
Crude 2% 0 .44  ppm
*
C a lcu la te d  from d a ta  in Anderson e t  a l . (1974-B) and 
Cucci and Epifano (1979).
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Anderson e t  a l . , (1977) found f i s h  l a r v a e  t o  be 50 to  100 t im es  more 
s e n s i t i v e  to  WSF than  to  o i l  a lo n e .
These exper im en ts  have approxim ated  lo n g - t e rm  exposure  to  l i g h t  to  
medium o i l  p o l l u t i o n  (0 .44  ppm -  6 ppm). Percy and Mull in  (1977) d e t e r ­
mined t h a t  " l i g h t "  o i l  p o l l u t i o n  approx im ates  0 .5  ppm t o t a l  h y d ro c a r ­
bons ,  "medium" o i l  p o l l u t i o n  r e s u l t s  in  5 ppm t o t a l  hydrocarbons  and 20 
ppm t o t a l  hydrocarbons would be c o n s id e re d  "heavy" p o l l u t i o n .  The expo­
s u r e s  in  t h e s e  exper im en ts  approxim ated  t h a t  o f  a c h ro n ic  c o n t in u a l  low- 
l e v e l  i n p u t  o f  o i l  (1 .2  ppm) such as i s  th e  s i t u a t i o n  su r ro u n d in g  an 
o f f s h o r e  o i l  r i g  (Law, 1981).  Berdugo e t  a l . , (1977) r e p o r t e d  t h a t  
t o t a l  d i s s o lv e d  hydrocarbons  under  a t h r e e - d a y - o l d  o i l  s l i c k  o f  No. 2 
fu e l  o i l  e q u a l s  54 ppm w i th  8 .6  ppm n a p th a l e n e s  ( t h e  most f r e q u e n t l y  
documented a rom at ic  hydrocarbon w i th  t o x i c  e f f e c t s  on marine  organisms 
(Anderson e t  a l . , 1974b)) .  V anderhors t  e t  a l . , 1977 have found t h a t  
lo n g - t e rm  exposure  t o  WSF c o n c e n t r a t i o n s  s i m i l a r  t o  th o s e  used in  t h e s e  
exper im en ts  ( they  used 1-6  ppm) r e s u l t e d  in  lower s p e c i e s  d i v e r s i t y  and 
numbers in  l a b o r a t o r y - h e l d  i n t e r t i d a l  c o l o n i e s .
Open ocean o i l  p o l l u t i o n  has r e s u l t e d  in  c u r r e n t  e s t i m a t e s  o f  0 .2  
ppm to  0 .5  ppm d i s s o l v e d  pe t ro leum hydrocarbons  in  a r e a s  o f  moderate  o i l  
p o l l u t i o n  (Anderson e t  a l . , 1977 and F a r r i n g t o n ,  1976).  Normal 
background t o t a l  hydrocarbon c o n c e n t r a t i o n s  in  t h e  open ocean ranges  
from 10 t o  50 ppb (Anderson e t  a l . , 1977) .
WSF To le rance  Experiments
The i n i t i a l  WSF t o x i c i t y  exper im en ts  r e s u l t e d  in  s u r v i v o r s  in  th e  
10%, 5% and 0% WSF c o n c e n t r a t i o n s .  These r e s u l t s  dem onst ra ted  t h a t  th e
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smooth f lo u n d e r  a d u l t  i s  more t o l e r a n t  t o  t h e  WSF than  a r e  any o t h e r  
f i s h  s p e c i e s  r e p o r t e d  i n  t h e  review by Anderson e t  a l . (1974b) .  Maximum 
WSF c o n c e n t r a t i o n s  sug g es ted  in  t h e  l i t e r a t u r e  range from 20%, with  
copepods (Spooner and C r o c k e t t ,  1979) t o  0.2% and l e s s  (Anderson e t  a l . , 
1974b) in  some marine f i s h .  The AHH system dem ons t ra ted  in  f lo u n d e r  
s p e c i e s  (Payne, 1977) may c o n t r i b u t e  t o  t h i s  high WSF t o l e r a n c e .
Larval M o r t a l i t y  
The s i g n i f i c a n t  t o x i c  e f f e c t  dem ons t ra ted  ( a t  P <_ 0 .01)  in  th e  
l a r v a l  1% WSF exposures  (Table  4) s u p p o r t s  the  c o n te n t io n  o f  Macek and 
S l e i g h t  (1977) t h a t  t h e  emerging sac  f r y  i s  a c r i t i c a l  l i f e  s t a g e  i n  o i l  
s u s c e p t i b i l i t y .  The 7% WSF c o n c e n t r a t i o n  co r re sponds  t o  an approxim ate  
1 .5  ppm t o t a l  hydrocarbon c o n c e n t r a t i o n  f o r  crude  o i l  and 6 .1  ppm t o t a l  
hydrocarbon c o n c e n t r a t i o n  f o r  No. 2 fue l  o i l  (Table  8 ) .  Grushko e t  a l . , 
(1978) found t h a t  exposure  t o  WSF o f  Venezuelan c rude  o i l  a t  a con­
c e n t r a t i o n  o f  2 .5  ppm r e s u l t e d  in  t o x i c i t y  t o  p r e - l a r v a l  s t a g e s  of  the  
Black Sea F lounder .  The Black Sea F lounder  a l s o  e x h i b i t e d  an i n c r e a s e  
i n  th e  number o f  morphologica l  a b n o r m a l i t i e s .  Rice e t  a l . (1976) found 
t h a t  96-hour  mean t o l e r a n c e  l i m i t s  (TLm) were e s t a b l i s h e d  to  be between 
0 .8  and 2 .9  ppm f o r  Cook I n l e t  c rude  and No. 2 fue l  o i l  f o r  s ev e ra l  spe­
c i e s  o f  Alaskan marine f i s h .  T h e r e f o r e ,  t h e  L. putnami sac f r y  e x h i b i t  
a TLm s i m i l a r  t o  t h a t  o f  t h e  Black Sea F lounder  spawn (Grushko e t  a l . , 
1978) .  Yet,  t h e  a d u l t  L^ _ pu tn am i , by v i r t u e  o f  t h e i r  h igh s u rv iv a l  
th ro u g h o u t  th e  lo n g - t e rm  s t a t i c  and f low - th rough  ex p o su res ,  e x h i b i t  a 
much h ig h e r  t o l e r a n c e  t o  w a t e r - s o l u b l e  f r a c t i o n s  of  o i l  than  do o t h e r  
f i s h  s p e c i e s  r e p o r t e d  in  t h e  l i t e r a t u r e  ( i . e . ,  Ri ce e t  a l . , 1976;
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Grushko e t  a l . , 1978; and Khan e t  a l . , 1981).  This  cou ld  i n d i c a t e  an 
i n c r e a s e d  a b i l i t y  o f  th e  smooth f l o u n d e r  t o  m e tab o l ize  hydrocarbons .
The AHH/MFO enzyme a c t i v a t i o n  system has been demonst ra ted  in  most 
f l o u n d e r  s p e c i e s  t e s t e d  (Payne, 1977; McCain e t  a l . , 1978; Bend e t  a l . , 
1979; and Iwaoka e t  a l . ,  1979) .  I t  i s  p o s s i b l e  t h a t  t h e  MFO enzyme
system i s  no t  f u l l y  developed a t  t h e  sac  f r y  s t a g e .  The MFO system has
no t  been s p e c i f i c a l l y  i d e n t i f i e d  in  n o n -a d u l t  s t a g e s  of  any f i s h  s p e c i e s  
d i s c u s s e d  in  t h e  l i t e r a t u r e .
Chromosome Count A n a ly s i s  
Numerical v a r i a t i o n  r e s u l t s  from e r r o r s  o c c u r r in g  dur ing  c e l l  d i v i ­
s io n  (Dean, 1979).  Changes in  chromosome number can r e s u l t  in  d r a s t i c  
gene imbalance and a r e  l i k e l y  t o  be l e t h a l  e a r l y  in  development (Drake 
e t  a l . , 1975) .  Aneuploidy (random d e v i a t i o n s  in  chromosome number) may 
be th e  " c a l l  card"  o f  th e  e f f e c t s  o f  c l a s t o g e n i c  a g en ts  a f t e r  s ev e ra l  
d i v i s i o n  c y c l e s  have occu r red :  a damaged chromosome o r  a fragment may
have been excluded from th e  c e l l ,  o r  chemical damage may have caused 
i n a c c u r a t e  m ig ra t io n  o f  chromosomes a t  anaphase ,  so t h a t  daugh te r  c e l l s
w i l l  c o n ta i n  unequal complements o f  chromosomes. I t  has been known f o r
many y e a r s  t h a t  a number o f  types  o f  neoplasms c o n ta i n  chromosomes t h a t  
n o t  only d e v i a t e  s t r u c t u r a l l y ,  b u t  a l s o  num er ica l ly  from th e  normal 
s t a t e  (Dean, 1979).  The a n a l y s i s  o f  chromosome counts  in  th e  p o s i t i v e  
c o n t r o l  and lo n g - t e rm  o i l  exposure  exper im ents  was done in  an a t t e m p t  t o  
d e t e c t ,  i n d i r e c t l y ,  t h e  e f f e c t s  o f  w a te r -b o rn e  c l a s t o g e n s  or  mutagens 
which may no t  be e v i d e n t  in  such lo n g - te rm  chromosome a b e r r a t i o n  
s t u d i e s .
P o s i t i v e  Control
The c y t o s t a t i c  r e s u l t s  o f  th e  EMS p o s i t i v e  c o n t r o l  was expec ted  a t  
t h e  h ig h e r  EMS c o n c e n t r a t i o n  o f  0 .01  M (Kligerman,  pe rsona l  
communication).  However, t h e  c y t o s t a t i c  r e s u l t s  o f  t h e  lower ,  (25 mg/1) 
0.0016 M exposure  were unexpec ted  in  view o f  Hooftman's (1981) 
d em o n s t ra t io n  o f  g i l l  c e l l  chromosome damage a t  t h i s  c o n c e n t r a t i o n  and 
exposure .  The d i f f e r e n t  re sponse  may be due t o  d i f f e r e n t i a l  m e tabo l ic  
re sp o n se s  on th e  p a r t  o f  Notobranchus  rachowi (Hooftman's exper imenta l  
s p e c i e s )  as opposed t o  t h a t  o f  L. pu tnam i.
The p o s i t i v e  c o n t ro l  CP exposure  d id  no t  cause  s i g n i f i c a n t  d i f f e r e n ­
ces  in  chromosome numbers between th e  c o n t ro l  and the  t r e a tm e n t s  (Table  
2 ) .  The exper iment  was s h o r t - t e r m  (48 h o u r s ) ,  so s i g n i f i c a n t  d i f f e r e n ­
ces  were no t  expec ted .  The in  v i t r o  exper im en ts  with  L. putnami c e l l s  
s u g g e s t  t h a t  t h e  c e l l  c y c l e  f o r  t h i s  s p e c i e s  i s  slow t o  comple te ;  t h e r e ­
f o r e ,  any chromosome d e l e t i o n s  or  a d d i t i o n s  would be l e s s  l i k e l y  to  have 
o c cu r red  w i th in  48 ho u rs .
Long-Term Oil Exposure Experiments
I r r e g u l a r i t i e s  in  t h e  chromosome coun ts  o f  th e  c o n t ro l  o f  the  No. 2 
fu e l  s t a t i c  ex p er im en t ,  as  demonst ra ted  in  t h e  Kolmogorov-Smironov com­
p a r i s o n s  o f  a l l  c o n t r o l  f r e q u e n c i e s  (Table  1 ) ,  may have occu r red  f o r  
s e v e ra l  re a sons :  (1) t h e  No. 2 fu e l  WSF s t a t i c  system u t i l i z e d  the
l a b - r e a r e d  L. putnami y e a r l i n g s ,  whi le  a l l  o t h e r  exper iments  used 
a d u l t s .  I t  i s  p o s s i b l e  t h a t  t h e  younger f i s h  have a h ig h e r  o v e ra l l  
chromosome breakage r a t e  than  t h a t  of  the  a d u l t s .  I t  i s  a l s o  p o s s i b l e  
t h a t  th e  c o n s i s t e n t l y  h i g h e r  (10° C .)  t em p e ra tu re  o f  the  No. 2 fue l  s t a ­
-96-
t i c  exper im ent  was a f a c t o r .  All o f  th e  o t h e r  exper iments  took p la ce  in  
t h e  lower ambient w i n t e r  t e m p e ra tu re s  o f  th e  Bay; (2) t h e  f r e q u e n t  high 
f l u o r e s c e n c e  reco rded  f o r  t h e  No. 2 fue l  c o n t r o l  i n d i c a t e s  t h e  p re sence  
o f  3 -4  r i n g  a rom at ic  hydrocarbons  o r  a s i m i l a r l y  f l u o r e s c i n g  
c o n tam inan t ;  and, (3) as  no ted ,  in  t h e  No. 2 fue l  WSF c o n t r o l  t h e r e  was 
a high f requency  o f  chromosome a b e r r a t i o n s ,  s u g g e s t in g  p o s s i b l e  con­
t a m in a t io n  o f  t h i s  c o n t ro l  by a c l a s t o g e n i c  a g e n t .  T h e re fo re  t h e  No. 2 
fue l  c o n t ro l  was no t  used f o r  numerical  compar isons .
The h igh ly  s i g n i f i c a n t  d i f f e r e n c e s  in  chromosome numbers between th e  
No. 2 fue l  s t a t i c  t r e a t m e n t s ,  and t h e  f low - th rough  and th e  c rude  WSF 
s t a t i c  c o n t r o l s  (Table  2) a r e  s u p p o r t i v e  o f  th e  mutagenic  p r o p e r t i e s  of  
a rom at ic  hydrocarbons ,  which i n c r e a s e  in  r e f i n e d  f r a c t i o n s  o f  o i l .  
F u r t h e r  ev idence  o f  th e  h ig h e r  g e n o t o x i c i t y  o f  No. 2 fue l  WSF i s  
o b ta in e d  from th e  f low - th rough  chromosome count  a n a l y s i s  (Table  2 ) .  
Chromosome counts  o b ta in e d  from th e  No. 2 fue l  f low - th rough  t r e a tm e n t  
were s i g n i f i c a n t l y  (P £  0 .05 )  d i f f e r e n t  from th o se  of  the  f low - th rough  
c o n t r o l .  These r e s u l t s  a r e  tempered by th e  lack  o f  s i g n i f i c a n t  d i f ­
f e r e n c e s  between th e  No. 2 fu e l  s t a t i c  t r e a t m e n t s  and th e  c o n t ro l  o f  the  
CP exper im en t  (Table  2 ) .
No o t h e r  s i g n i f i c a n t  chromosome number d i f f e r e n c e s  were d e t e c t e d  in  
t h e s e  ex p er im en ts .  Th is  a n a l y s i s  i n d i c a t e s  t h a t  t h e  No. 2 fue l  WSF and 
o i l - s i I t  lon g - te rm  exposures  may have a r o l e  in  induc ing  numerical  
v a r i a t i o n s  in  t h e  chromosomes of  t h e  g i l l  c e l l s  o f  L. pu tnam i.
F lu o rescen ce  S p ec t ra
Frank (1975) r e p o r t e d  t h a t  th e  i n t e n s i t y  and shape o f  o i l
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f l u o r e s c e n c e  s p e c t r a  depend s u b s t a n t i a l l y  on th e  c o n c e n t r a t i o n s  of  th e  
s o l u t i o n s  t h a t  a re  measured.  Also ,  he s t a t e d  t h a t  pe t ro leum o i l  
f l u o r e s c e n c e  i s  p r i m a r i l y  a t t r i b u t a b l e  t o  p o ly n u c le a r  a rom at ic  (PNA) 
hydrocarbons .  F l u o r e s c e n t  a n a l y s i s  o f  t h e  100% WSF s t a n d a rd s  r e v e a l e d  
th e  p re sence  of  3- and 4 - r i n g  a ro m a t i c s  in  both  WSF o i l  t y p e s .  In a d d i ­
t i o n ,  t h e  c rude  o i l  showed a peak i n d i c a t i n g  t h e  p re sen ce  o f  5 - r i n g  a r o ­
m a t ic s  a t  400-450 nm (Gordon and K e iz e r ,  1974) .  This  peak was a b s e n t  in  
t h e  Mo. 2 fue l  o i l  WSF. This  i s  notewor thy because  t h e  5 - r i n g  a ro m a t ic s  
in c lu d e  t h e  h igh ly  c a r c in o g e n ic  hydrocarbon 3,  4 -benzopyrene .  The 
v a r i a b i l i t y  o f  th e  h e i g h t  o f  t h e  c o n s t a n t  a b s o r b t i o n  peak a t  310 nm 
( e . g . ,  Appendix 3, F ig u r e  2) i s  a t t r i b u t a b l e  t o  t h e  "raman s c a t t e r "  
s o l v e n t  e f f e c t  which was d e s c r ib e d  by Frank (1975) .  Because t h i s  peak 
does no t  i n t e r s e c t  t h e  peak (350 nm) used in  t h i s  a n a l y s i s ,  no i n t e r ­
f e r e n c e  with  the  hydrocarbon s p e c t r a  from raman s c a t t e r  o ccu r red .
The 3-5  r i n g  a ro m a t ic  hydrocarbons  a re  good p a ram ete rs  t o  use  i n  WSF 
d e g ra d a t io n  m oni to r ing  b ecause ,  w h i le  t h e  l i g h t e r  1 and 2 r i n g  a ro m a t ic s  
te n d  to  d i s a p p e a r  from t h e  WSF w i th in  24 h o u rs ,  t h e  3-5 r i n g  and l a r g e r  
a ro m a t ic s  p e r s i s t  f o r  two t o  f i v e  days .  Winters  and P a rk e r  (1977) found 
t h a t  some 3 - r i n g  a ro m a t ic s  p e r s i s t  a f t e r  f i v e  days in  WSF a t  g r e a t e r  
th a n  50% o f  t h e i r  i n i t i a l  c o n c e n t r a t i o n .  In a d d i t i o n ,  th e  4 - r i n g  hydro­
carbon c l a s s  c a l l e d  phenan th renes  were de te rm ined  by Neff e t  a l . , (1976) 
t o  be t h e  most t o x i c  o f  t h e  pe tro leum a ro m a t ic  hydrocarbons ,  and th e  3 
and 4 - r i n g  a rom at ic  hydrocarbon c l a s s e s  a r e  g e n e r a l l y  known t o  be p o t e n t  
c a rc in o g e n s  and mutagens (Sammut and N i c k l e s s ,  1978).
The measurements taken  th ro u g h o u t  t h e s e  exper im en ts  a llowed a q u ick ,
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q u a l i t a t i v e  m on i to r ing  o f  hydrocarbon l e v e l s  in  t h e  o i l  exposure  e x p e r i ­
ments .  The t h r e e - d a y  WSF r e f r e s h e r  was shown t o  be s u f f i c i e n t  t o  main­
t a i n  WSF hydrocarbon l e v e l s  w i th o u t  a cum ula t ive  e f f e c t .  The 
f l u o r i m e t r y  dem onst ra ted  t h a t  th e  3 and 4 r i n g  a ro m a t ic s  underwent g r a ­
dual d e g ra d a t io n  d u r ing  t h e  th r e e - d a y  p e r io d ,  p r i o r  t o  t h e  WSF 
r e f r e s h e r  (Appendix 3 ) .
The unexpec ted  h igh  f lu o r e s c e n c e  (F ig u re s  2 and 10) d e t e c t e d  
p e r i o d i c a l l y  in  th e  c o n t r o l s  o f  th e  Wo. 2 fue l  s t a t i c  system and the  
f lo w - th ro u g h  tank may be e x p la in e d  in  s ev e ra l  ways: (1) i n a d v e r t e n t
co n ta m in a t io n ,  (2) o v e r -ex p o su re  o f  t h e  samples to  l i g h t  p r i o r  t o  a n a ly ­
s i s ,  (3) i n a d v e r t e n t  i n c o r p o r a t i o n  o f  s i l t  i n t o  t h e  c o n t ro l  f low - th rough  
samples ( t h i s  o p t io n  w i l l  be d i s c u s s e d  l a t e r  in  t h i s  s e c t i o n ) ,  and (4) 
w a te r  f i l t r a t i o n  systems may have in t r o d u c e d  a con tam inan t  w i th  high 
f l u o r e s c e n c e  c h a r a c t e r i c t i c s  (Appendix 3,  F ig u r e  3 ) .
Because th e  c o n t r o l s  were c a r e f u l l y  p r o t e c t e d  from i n a d v e r t a n t  con­
t a m in a t io n  and th e  samples were s t o r e d  in  l i g h t - e x c l u d i n g  c o n t a i n e r s  
th ro u g h o u t  sample p r o c e s s i n g ,  th e  l a t t e r  two o p t io n s  appear  t o  be 
l i k e l y .  I t  i s  unknown, however,  why th e  a f f e c t e d  c o n t r o l s  demonst ra ted  
f l u o r e s c e n c e  much g r e a t e r  in  magnitude than  th e  c o n c u r r e n t  t r e a t m e n t  
samples .
Analyses  o f  the  Mi H i  p o r e - f i l t e r e d  seaw a te r  i n d i c a t e d  medium-high 
f l u o r e s c e n c e  in  one sample,  and low f l u o r e s c e n c e  in  a n o th e r  sample 
( t ak en  on d i f f e r e n t  days) (Appendix 3 ,  F ig u re  2 0 ) .  Because no hy d ro ca r ­
bon f l u o r e s c e n c e  i s  expec ted  in  samples o b ta in e d  from th e  f i l t e r e d  sea
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w a te r  (made from sea s a l t s  and d i s t i l l e d  w a t e r ) ,  t h e  f l u o r e s c e n c e  t h a t  
was d e t e c t e d  i s  no teworthy .  Low f l u o r e s c e n c e  o c cu r red  in  t h e  hexane 
b lan k s  taken  from h e x a n e - r i n s e d  g la s sw a re ,  v i a l s ,  and f u n n e l s .  The low 
f l u o r e s c e n c e  i n d i c a t e s  t h a t  hydrocarbon accum ula t ion  on g la ssw are  as 
well  as  s o l v e n t  i m p u r i t i e s  were k e p t  t o  a minimum d u r ing  t h e s e  e x p e r i ­
ments .  F requen t  b l a n k s ,  as  sugges ted  by Gordon and K e ize r  (1974) he lp  
t o  e l i m i n a t e  g la ssw are  and s o l v e n t  con tam in a t io n  as  f a c t o r s  in  any i r r e ­
g u l a r  r e s u l t s  (such as t h e  No. 2 fue l  c o n t ro l  in  t h e s e  e x p e r im e n t s ) .
Low f lu o r e s c e n c e  o c cu r red  in  t h e  d i s t i l l e d  hexane b lanks  (Appendix 3, 
F ig u r e  19 ) .  Low f l u o r e s c e n c e  o ccu r red ,  a l s o ,  in  t h e  samples taken  from 
t h e  f i e l d  c o l l e c t i o n  s i t e s  (Appendix 3,  F ig u r e  17 and 18) .  T h e r e f o r e ,  
t h e  most p robab le  source  o f  con tam ina t ion  i s  an accum ula t ion  o f  a 
f l u o r e s c i n g  compound in  t h e  c a r t r i d g e  f i l t e r  o r  M i l l i p o r e - f i l t e r  
sys tem s .
When m oni to r ing  th e  f low - th ro u g h  o i l - s i I t  exposure  t r e a t m e n t s ,  
samples were taken  from t h e  middle  o f  th e  w a te r  column. An a t t e m p t  was 
made t o  p re v e n t  s i l t  from c o n tam in a t in g  t h e  samples .  I t  was nece ssa ry  
t o  l e av e  the  sediments  u n d i s tu r b e d  in  o r d e r  t o  p r e v e n t  e x c e s s iv e  and 
a r t i f i c i a l  a e r a t i o n  o f  t h e  sed im en ts .  Unusually  h igh f l u o r e s c e n c e  in  
c o n t r o l  samples o f  th e  f low - th rough  exper im ent  cou ld  have,  however, 
r e s u l t e d  from th e  occu r ren ce  o f  s i l t  in  t h e  m id-water  samples d e s p i t e  
p r e c a u t i o n s .  At t im e s ,  th e  f l o u n d e r  would be s t a r t l e d  dur ing  w a te r  
sampl ing ,  cau s in g  s i l t  t o  swir l  i n t o  su sp e n s io n .  However, samples with  
v i s i b l e  s i l t  i n c o r p o r a t e d  were d i s c a r d e d .  Because t h e r e  were no f u r t h e r  
i r r e g u l a r i t i e s  in  th e  f low - th rough  c o n t r o l  r e s u l t s  (chromosome coun ts
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a n d /o r  a b e r r a t i o n s )  i t  i s  sug g es ted  t h a t  th e  high f l u o r e s c e n c e  r e a d in g s  
may have been caused  by f a c t o r s  d i f f e r e n t  from th o s e  invo lv ed  in  t h e  No. 
2 fue l  s t a t i c  c o n t ro l  i r r e g u l a r i t i e s .
Chromosome A b e r ra t io n  A na lys is
The chromosome breakage  types  scored  in  t h i s  s tudy were: f ragm ents ,
r i n g s ,  chromatid  d e l e t i o n s ,  t r a n s l o c a t i o n s  and complex re a r ra n g em e n ts .  
These a b e r r a t i o n  ty p es  were chosen because i t  was f e l t  t h a t  t h e s e  were 
t h e  most e a s i l y  and d e f i n i t i v e l y  sco red  b reaks  f o r  L. putnami c e l l s .
Chromatid gaps ,  which a r e  d e f in e d  as  a " d i s c o n t i n u i t y  which i s  l e s s  
than  th e  wid th  o f  a chromat id"  (N icho ls  e t  a l . , 1972) ,  were no t  counted  
in  t h i s  a n a l y s i s .  L ega to r  e t  a l . , (1973) de te rm ined  t h a t  gaps were th e  
l e a s t  c o n c lu s iv e  a b e r r a t i o n s  f o r  de te rm in ing  c y t o g e n e t i c  e f f e c t s  o f  
t o x i n s  on c e l l s  because o f  th e  g r e a t  v a r i a b i l i t y  in  s c o r in g  between d i f ­
f e r e n t  i n d i v i d u a l s  and l a b o r a t o r i e s .
G enet ic  damage to  g i l l  c e l l s  could  r e f l e c t  a r o u te  th rough which 
h e r i t a b l e  damage could  r e s u l t  v ia  b l o o d - t e s t e s  exposures  to  mutagens 
(Alink e t  a l . , 1980).  The s i g n i f i c a n t l y  i n c r e a s e d  number o f  chromosome 
a b e r r a t i o n s  in  g i l l  c e l l s  o f  L. p u tnam i , p a r t i c u l a r l y  when exposed t o  1% 
WSF o f  both o i l  types  (T ab les  5 and 6,  "% c e l l s  w i th  a b e r r a t i o n s "  
column) cou ld  then  be an i n d i c a t i o n  o f  h e r i t a b l e  damage t o  t h e  germinal 
t i s s u e s  of  t h i s  s p e c i e s .
Aside from th e  p o t e n t i a l  damage to  gonadal t i s s u e s ,  chromosome 
damage w i th in  a somat ic  t i s s u e  system has been shown t o  i n c r e a s e  suscep ­
t i b i l i t y  t o  d i s e a s e  and t o  weaken th e  a b i l i t y  o f  t h a t  t i s s u e  system t o
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f u n c t i o n  p ro p e r ly  (Bloom, 1972).  These l a t e r  symptoms were shown drama­
t i c a l l y  i n  th e  r e c e n t  work by Khan e t  a l . (1981) .  They exposed a d u l t  
cod (Gadus morhua) t o  150-300 ppb Venezuelan c rude  o i l  as  a w a te r  accom­
modated f r a c t i o n  in  a f low - th rough  sys tem over  a 13-week p e r io d .  They 
found t h a t  t h e  o i l  exposure  reduced growth, in c r e a s e d  g a l l  b l a d d e r  and 
h e a r t  s i z e  and reduced t h e  o v e r a l l  c o n d i t i o n  o f  th e  f i s h .  T h e i r  h i s t o ­
l o g i c a l  examinat ion  o f  t h e  cod g i l l  t i s s u e  r e v e a l e d  v a s o d i l a t i o n  and
edema o f  th e  b r a c h ia l  c a p i l l a r i e s  o f  th e  g i l l  l a m e l l a e .  Some o f  t h e s e  
l a m e l la e  were fu se d ,  e s p e c i a l l y  a t  t h e  t i p s  o f  th e  f i l a m e n t .  I t  was 
h y p o th e s ized  t h a t  th e  fu s io n  r e p r e s e n t s  h y p e r p l a s i a  o f  th e  g i l l  e p i t h e ­
l ium ,  "an a d a p t i v e  measure t o  p r o t e c t  t h e  f i l a m e n t s  from i r r i t a n t s " .  I t  
i s  p o s s i b l e  t h a t  th e  No. 2 fue l  s t a t i c  WSF smooth f lo u n d e r  exposures  
r e s u l t e d  in  t h e  h i g h e s t  o v e r a l l  numbers o f  chromosome a b e r r a t i o n s  
because  t h a t  was th e  only exper im ent  conducted  a t  t h e  c o n s i s t e n t l y  
h ig h e r  t em p e ra tu re  (10° C. as opposed t o  t h e  ambient range:  6 .5 °  C. t o
-1°  C . ) .  The h ig h e r  tem p e ra tu re  r e s u l t e d  in  a h ig h e r  metabolc r a t e ,  and 
cou ld  have r e s u l t e d  in  a h ig h e r  in c id e n c e  o f  morphological  damage t o  th e
g i l l s .  I f  t h e  Khan e t  a l . (1981) h y p o th e s i s  i s  v a l i d ,  then  th e
i n c r e a s e d  number o f  chromosome a b e r r a t i o n s  cou ld  be a r e f l e c t i o n  o f  th e  
WSF-induced h y p e r p l a s i a  o f  th e  g i l l  t i s s u e s .  Ames e t  a l . (1975) s t a t e s  
t h a t  t h e  ev idence  e q u a t in g  c a rc in o g e n s  and mutagens s u b s t a n t i a t e s  the  
h y p o th e s i s  t h a t  c a rc inogens  [such  as  some a rom at ic  hydrocarbons]  cause  
c a n c e r  by somat ic  m u ta t ion .  F u tu re  s t u d i e s  should  in c lu d e  examinat ion  
o f  th e  putnami g i l l  morphology a f t e r  WSF exposure ,  c o n c u r r e n t ly  w i th  
chromosome a b e r r a t i o n  a n a l y s i s .  Should t h e  L. putnami g i l l  e x p e r i en c e
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s i m i l a r  h i s t o l o g i c a l  changes as  th o se  r e p o r t e d  by Khan e t  a l . (1981) ,  in  
re sponse  t o  WSF exposure ,  t h e  c u r r e n t  s e t  o f  WSF exposure  exper im ents  
would add su p p o r t  t o  t h e  a s s o c i a t i o n  between d is ea se /m o rp h o lo g ic a l  con­
d i t i o n  o f  f i s h  and chromosomal damage.
McKeown and March (1978) and Malins e t  a l . (1979) found t h a t  f i s h ,  
p a r t i c u l a r l y  f l o u n d e r s ,  do n o t  accumulate  hydrocarbons  in  t h e  g i l l  
t i s s u e s ,  a p p a r e n t ly  because  t h e  r i c h  c i r c u l a t o r y  system t r a n s p o r t s  th e  
p o l l u t a n t s  away from them. However, because  o f  the  t i s s u e  damage i n d i ­
c a t e d  by Khan e t  a l . (1981) ,  i t  i s  c l e a r  t h a t  t h e  c o n s t a n t  d i r e c t  expo­
su re  t o  a q u a t i c  p o l l u t a n t s  i s  i n j u r i o u s  to  g i l l  c e l l  t i s s u e s ,  and t h e s e  
L. putnami exper iments  i n d i c a t e  t h a t  WSF can cause g i l l  chromosome 
damage. In a d d i t i o n ,  th e  l a ck  o f  hydrocarbon s to r a g e  in  t h e  g i l l  sup­
p o r t s  th e  h y p o th e s i s  t h a t  th e  blood c a r r i e s  th e  mutagens to  o t h e r  
t i s s u e s ,  i n c lu d in g  the  gonads.
In th e  case  o f  th e  smooth f l o u n d e r ,  th e  r e l a t i v e l y  high m i t o t i c  
index  o f  th e  g i l l  c e l l s  compared with  o t h e r  t i s s u e s ,  a l low s  th e  g e n e t i c  
m a te r i a l  o f  more c e l l s  t o  be d i r e c t l y  exposed to  a mutagen in  th e  
a q u a t i c  environment.  Bloom (1972) and Bender e t  a l . (1974) s t a t e  t h a t  
chromosomes have been shown t o  be most v u ln e r a b l e  t o  l e s i o n s  dur ing  the  
s ing le-DNA-strand  phases o f  d i v i s i o n  when t h e  chromatin  i s  s u s c e p t i b l e  
t o  breakage  w i th  one mutagenic  " h i t " .  T h e r e f o r e ,  t h e  d i v i s i o n  r a t e s  of  
t h e  L. putnami g i l l  c e l l s  ( p a r t i c u l a r l y  t h e  s t a t i c  Wo. 2 fue l  WSF a t  th e  
10° C. c o n s t a n t  tem pe ra tu re )  cou ld  have exposed more s i n g l e  s t r a n d e d  DNA 
t o  t h e  a q u a t i c  mutagens.
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The f requency o f  spontaneous  chromosome a b e r r a t i o n s  v a r i e s  from 0 to  
12.5% a b e r r e n t  c e l l s ,  a cc o rd in g  to  th e  d a ta  o f  v a r io u s  i n v e s t i g a t o r s  
u s in g  human somat ic  c e l l s ,  as  reviewed by Bochkov (1972) .  The l a r g e s t  
group o f  c e l l s  examined c o n s i s t e d  o f  30,000 metaphases .  The average  
spontaneous  a b e r r a t i o n  f requency  in  c e l l s  in  vivo was found to  be 0.14% 
( in  v i t r o  r a t e  = 1.31%) (Bochkov, 1972).  In t h e  smooth f l o u n d e r  e x p e r i ­
ments ,  spontaneous  chromosome damage (% a b e r r e n t  c e l l s )  among c o n t r o l s  
was 17.77% in  th e  No. 2 fu e l  s t a t i c  ex p e r im en t ,  55.5% in  t h e  p o s i t i v e  
c o n t r o l  CP e xper im en t ,  and 6.66% i n  both th e  c rude  s t a t i c  and f low­
th rough  exper im en ts  (Tab les  3 and 5 - 7 ) .  Coupled w i th  th e  a n a l y s i s  of  
t h e  h igh  f l u o r e s c e n c e  and th e  v a r i a t i o n  in  chromosome numbers, the  
f i n d i n g  o f  a high chromosome a b e r r a t i o n  f requency  l e n d s  su p p o r t  t o  th e  
p o s s i b i l i t y  t h a t  t h e  No. 2 fue l  s t a t i c  c o n t ro l  was con tam ina ted  with  
o i l  o r  a c l a s t o g e n i c  a g e n t  w i th  s i m i l a r  f l u o r e s c e n c e  p r o p e r t i e s .
Another p o s s i b l e  reason  f o r  t h e  h igh  chromosome a b e r r a t i o n  f r e q u e n c i e s  
r e c o rd ed  in  t h a t  c o n t ro l  may have been th e  age o f  the  f i s h .  L ab o ra to ry -  
r e a r e d  y e a r !  ings  were used  in  t h e  No. 2 fue l  s t a t i c  ex p er im en t .
However, i n c r e a s e d  a b e r r a t i o n s  a r e  expec ted  w i th  advanced aged (Bochkov, 
1972) ,  in  which case  th e  younger f i s h  would be expec ted  to  have a lower 
spontaneous  a b e r r a t i o n  f requency .
The high number of  a b e r r a t i o n s  sco red  in  t h e  p o s i t i v e  c o n t ro l  o f  the  
CP exper im en t  cou ld  have been due to  b i a s .  Although a l l  mic roscope s l i ­
des were coded, s c o r in g  was done, in  p h a se s ,  by ex p er im en t .  I t  i s  
p o s s i b l e  t h a t  a p r i o r i  knowledge t h a t  t h e  cyclophosphamid exper im en t  was 
be ing  sco red  in t r o d u c e d  b i a s ,  bu t  presumably ,  a l l  s l i d e s  in  t h e  e x p e r i -
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ment would have been s co red  w i th  equal b i a s ;  t h e r e f o r e ,  t r e a t m e n t - t o -  
c o n t r o l  X2 comparisons  a r e  j u s t i f i e d .
The 6.66% c o n t ro l  c e l l  a b e r r a t i o n  f r e q u e n c i e s  in  t h e  l a s t  two 
exper im en ts  (c rude  s t a t i c  and f l o w - th r o u g h ) ,  a r e  h igh compared t o  by 
both  Bochkov's  (1972) and K l ig e rm an 's  (1979a) a b e r r a t i o n  e s t i m a t e s  o f  
0.14% and 1.0% r e s p e c t i v e l y .  However, Kligerman (1979) r e p o r t e d  c o n t ro l  
a b e r r a t i o n  f r e q u e n c i e s  o f  over  5% and 10% in  s t u d i e s  which invo lved  
marine f i s h  s p e c i e s  w i th  l a r g e  numbers o f  small chromosomes. T h e re fo re ,  
t h e  c rude  s t a t i c  and f low - th rough  c o n t r o l  a b e r r a t i o n  f r e q u e n c i e s  a re  
w i t h i n  t h e  range which may be t y p i c a l  f o r  organisms w i th  chromosome 
s i z e s  and numbers which d e v i a t e  from t h e  "model" c y t o g e n e t i c  s p e c i e s  
p r e v io u s ly  d e s c r ib e d .
P o s t iv e  Control  A b e r r a t io n  A n a ly s i s
A l k y l a t i n g  a g e n t s ,  such as e thy l  m e th a n esu l fo n a te  (EMS) and 
cyclophosphamid (CP), have long been known t o  induce chromosome b re a k s .  
Hoffman (1980) induced chromosome a b e r r a t i o n s  in  t h e  m i t o t i c  c e l l s  o f  
Salmo i r i d e u s , ( S. g a i r d n e r i ) ,  th e  rainbow t r o u t ,  w i th  th e  a l k y l a t i n g  
a g e n t  d i m e t h y l s u l f a t e  (DMS). He a l s o  found s i m i l a r i t i e s  between EMS and 
DMS in  both  a l k y l a t i n g  a c t i v i t y  and g e n e t i c  e f f e c t s .  A lk y l a t i n g  a g en ts  
s u b s t i t u t e  hydrocarbon groups (amino and k e to  groups) in  n u c l e o t i d e s .  
Th is  r e s u l t s  in  a d e s t r u c t i o n  o f  b a s e - p a i r i n g  and in  s i n g l e  and double 
s t r a n d  b reaks  (Hoffman, 1980).
In t h e  p o s i t i v e  c o n t r o l  exper im en t  (Table  3 ) ,  which u t i l i z e d  g i l l  
c e l l s  exposed to  cyclophosphamid, a h ig h ly  s i g n i f i c a n t  i n c r e a s e  in  c h ro ­
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mosomal damage o c cu r red  a t  t h e  25 m g / l i t e r  c o n c e n t r a t i o n  compared to  
t h a t  of  th e  0 mg/L exposu re .  The damage which o c cu r red  a t  th e  125 
m g / l i t e r  CP c o n c e n t r a t i o n  was no t  s i g n i f i c a n t l y  g r e a t e r  than  t h e  lower 
(25 mg/L) CP dose.  This  cou ld  have been e x p la i n e d  had t h e r e  been a 
c y t o s t a t i c  r e s u l t  w i th  t h e  h ig h e r  CP dose ,  as was shown in  t h e  EMS 
exper im en t .  Kligerman (1979b) r e p o r t e d  t h a t  h igh doses  of  CP do i n h i b i t  
m i t o t i c  a c t i v i t y  in  g i l l  c e l l s  o f  th e  c e n t r a l  mudminnow, Umbra l i m i .
But the  s i m i l a r  m i t o t i c  i n d i c e s  in  c e l l  t r e a t m e n t s  o f  th e  L. putnami 
p o s i t i v e  c o n t ro l  exper im en t  do no t  su p p o r t  t h e  c y t o s t a t i c  h y p o th e s i s .
N e v e r t h e l e s s ,  the  h ig h ly  s i g n i f i c a n t  i n c r e a s e s  in  a l l  chromosome 
a b e r r a t i o n  ty p es  s co red ,  d em ons t ra t es  t h a t  t h e  g i l l  c e l l  system o f  the  
smooth f lo u n d e r  i s  a b le  t o  r e f l e c t  th e  p re sen ce  o f  chromosome b reak ing  
agen ts  in  seaw a te r .
Kligerman (1979b) found t h a t  CP i n c r e a s e s  t h e  SCE r a t e s  in  t h e  
t i s s u e s  o f  U. l i m i . He s t a t e d  t h a t  t h i s  i n d i c a t e s  th e  p re sence  o f  a 
microsomal a c t i v a t i o n  system. Dean (1979) s t a t e d  t h a t  many mutagenic  
chem ica ls  r e q u i r e  some degree  o f  m e tab o l ic  a l t e r a t i o n  (v ia  enzymes) 
b e fo re  an a c t i v e  molecule  i s  g e n e r a te d .  By in t r o d u c i n g  microsomal enzy­
mes i n t o  a r a t  l i v e r  c u l t u r e ,  he sco red  10.3% o f  th e  c e l l s  exposed t o  CP 
as p o s i t i v e  f o r  chromat id  d e l e t i o n s  and exchanges .  An MFO-like system 
would appear  t o  be necessa ry  in  t h e  smooth f l o u n d e r  t o  r e s u l t  in  chromo­
somal l e s i o n s  upon s h o r t - t e r m  CP exposure .  Based on th e  e f f e c t  o f  CP 
r e p o r t e d ,  t h e  smooth f l o u n d e r  seems to  p o s se s s  an enzyme a c t i v a t i o n  
system necessa ry  to  c o n v e r t  promutagens o r  p ro c a rc in o g en s  i n t o  a c t i v e  
m o i e t i e s .
-106-
No. 2 Fuel S t a t i c  Experiment A b e r ra t io n  A na lys is  
(R e fe r  t o  Table  5 f o r  t h i s  d i s c u s s i o n . )  There was a s i g n i f i c a n t l y  
h ig h e r  f requency o f  chromosome t r a n s l o c a t i o n s  among c e l l s  o f  the  7% WSF 
t r e a t m e n t  in  t h e  Wo. 2 fu e l  WSF exper im en t  than  among c e l l s  in  th e  2% 
and 4% WSF t r e a t m e n t s .  Only th e  7% WSF exposure  exceeded th e  c o n t ro l  in  
o v e r a l l  numbers o f  chromosome a b e r r a t i o n s .  Among c e l l s  w i th  >_ 2 a b e r r a ­
t i o n s  pe r  c e l l s  w i th  a b e r r a t i o n s ,  th e  c o n t ro l  exceeded a l l  No. 2 fue l  
WSF t r e a t m e n t s .
Independent  o f  th e  c o n t r o l  o f  th e  No. 2 fue l  WSF s t a t i c  exposure ,  
t h e r e  was a s i g n i f i c a n t  dose-dependen t  i n c r e a s e  in  a b e r r a t i o n s  in  a l l  
c a t e g o r i e s  e x ce p t  "chromat id  d e l e t i o n s "  and " r i n g s " .  Only in  th e  p o s i ­
t i v e  (CP) c o n t r o l  exper im ent  were t h e r e  more t o t a l  chromosome a b e r r a ­
t i o n s  than in  the  No. 2 fue l  WSF exposure .  The 7% No. 2 fue l  WSF 
t r e a t m e n t  r e s u l t e d  in  t h e  h i g h e s t  p e rc en ta g e  of  damaged chromosomes of  
a l l  o i l  t r e a tm e n t s  in  t h e s e  ex p e r im en t s ,  su g g es t in g  a c l a s t o g e n i c  e f f e c t  
a t  t h a t  WSF c o n c e n t r a t i o n  o f  Venezuelan No. 2 fue l  o i l .  Gordon and 
Prouse  (1973) found t h a t  No. 2 Venezuelan fue l  o i l  WSF was more t o x i c  to  
phy top lank ton  than  Venezuelan crude  o i l  WSF. A h ig h e r  p r o p o r t i o n  of  
mutagenic  a rom at ic  hydrocarbons  was found in  No. 2 fue l  o i l  WSFs than 
in  crude  o i l  WSFs (Win te rs  and P a r k e r ,  1977).
Crude Oil S t a t i c  Experiment A b e r ra t io n  A n a ly s i s  
(R e fe r  t o  Table  6 f o r  t h i s  d i s c u s s i o n . )  The numbers o f  a b e r r a t i o n s  
d e t e c t e d  in  th e  crude  s t a t i c  ex p e r im en t s ,  as opposed t o  t h e  No. 2 fue l  
s t a t i c  t r e a t m e n t s ,  were c o n s i s t e n t l y  low. Only in  the  " p e r c e n t  c e l l s  
w i th  a b e r r a t i o n s  p e r  45 c e l l s "  c a te g o ry  o f  th e  7% WSF t r e a t m e n t  was
-107-
t h e r e  an i n d i c a t i o n  o f  h igh c l a s t o g e n i c  e f f e c t  a l though  i t  does no t  
exceed th e  same va lue  of  th e  Mo. 2 fue l  s t a t i c  exposure  (22% vs .  33%) 
(Table  5 ) .  However, L eg a to r  e t  a l . (1973) found t h a t  t h i s  "number o f  
a b e r r a t i o n s  p e r  t o t a l  number o f  c e l l s "  c a te g o ry  was th e  most a c c u r a t e  
c y t o g e n e t i c  c r i t e r i o n  f o r  d e t e r m in a t io n  o f  a s i g n i f i c a n t l y  c l a s t o g e n i c  
a g e n t .
The f l u o r o m e t r i c  a n a l y s i s  o f  th e  100% WSF o f  t h e  crude  o i l  i n d i c a t e d  
t h e  p re sence  o f  5 - r i n g  a ro m a t ic s  (Appendix 3,  F igu re  2 1 ) .  These aroma­
t i c s  were no t  p r e s e n t  in  t h e  No. 2 fue l  WSF. The h e a v i e r  a ro m a t ic s  a re  
known to  be more p e r s i s t e n t  than  t h e  l i g h t e r  a ro m a t i c s .  T h e i r  p re sence  
i n  t h e  c rude  WSF t r e a t m e n t s  cou ld  have been a f a c t o r  in  t h e  high chromo­
some breakage  d e t e c t e d  a t  th e  7% exposure  l e v e l .  D esp i te  t h e  genera l  
view t h a t  Mo. 2 fue l  o i l s  a re  more t o x i c  than  a r e  c rude  o i l s ,  many 
r e p o r t s  i n d i c a t e  mutagenic ,  c a r c i n o g e n e t i c  and genera l  t o x i c  r e sponse s  
o f  marine  organisms to  c rude  o i l  ( e . g . ,  LaCaze and V i l ledon  de Naide,  
( 1 9 7 6 ) ) .  Graef and Winter  (1968) found t h a t  Venezuelan c rude  o i l s  con­
t a i n  3,  4 benzopyrene ,  known to  be a h ig h ly  c a r c in o g e n ic  a g e n t .
Flow-Through Experiment A b e r ra t io n  A n a ly s i s
(R e fe r  t o  Table  7 f o r  t h i s  d i s c u s s i o n . )  There were few a b e r r a t i o n s  
found in  t h e  f low - th rough  ex p o su res .  Only in  th e  c r u d e - s i l t  exposure  
was t h e r e  a s i g n i f i c a n t l y  high number o f  f ragments  (=8) .  By way of  com­
p a r i s o n ,  i t  i s  i n t e r e s t i n g  t o  no te  t h a t  in  t h e  c rude  s t a t i c  ex p o su re s ,  
t h e  c a te g o ry  w i th  the  o v e r a l l  h i g h e s t  number o f  a b e r r a t i o n s  was t h a t  of 
" f rag m en ts" .  Cohen and H irschhorn  (1971) s t a t e d  t h a t  fr agments  a re  
u n s t a b l e  d i v i s i o n  s t r u c t u r e s  and may no t  s u rv iv e  s ev e ra l  c e l l  d i v i s i o n s .
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Thus,  they may be u n d e re s t im a te d .  The p re sen ce  o f  r e l a t i v e l y  high num­
b e r s  o f  f ragments  in  th e  crude  o i l  t r e a t m e n t s ,  t h e r e f o r e ,  may well  be a 
s e n s i t i v e  i n d i c a t o r  o f  t h e  p re sence  o f  a c l a s t o g e n .
The high a e r a t i o n  o f  th e  f low - th rough  system, compared t o  t h a t  o f  
t h e  s t a t i c  sys tem s ,  l i k e l y  e x p e d i t e d  th e  breakdown o f  th e  a ro m a t ic  f r a c ­
t i o n s .  However, th e  h e a v i e r  a ro m a t ic s  ( h ig h e r  b o i l i n g  p o i n t  f r a c t i o n s )  
a r e  in c o r p o r a t e d  i n t o  t h e  sedim ents  and b io d e g r a d a t i o n  o f  t h e s e  hydro­
ca rbons  i s  r e t a r d e d  (Sammut and N ic k ! e s s ,  1978).  Bottom f e e d e r s ,  p a r ­
t i c u l a r l y  f l o u n d e r s ,  have been shown t o  accumula te  t h e  s i l t - b o u n d  
geno tox ic  a rom at ic  hydrocarbons  in  v a r io u s  f a t t y  t i s s u e s  o f  t h e i r  bod ies  
(McCain e t  a l . , 1978; Sammut and N i c k l e s s ,  1978; and Mai i n s  e t  a l . , 
1979).  However, t h e  c o n s t a n t  d e p u ra t io n  induced by AHH enzyme a c t i v i t y  
in  f l o u n d e r s  (McCain e t  a l . , 1978) may a l low t h e s e  f l a t f i s h  s p e c i e s  to  
purge  themselves  o f  c e r t a i n  o f  t h e se  hydrocarbon g roups .  I f  t h a t  i s  the  
c a s e ,  th e  r e s u l t s  o f  t h e s e  smooth f l o u n d e r  exper im en ts  i n d i c a t e  t h a t  
f l a t f i s h  a re  more r e s i s t a n t  ( v i a  enzyme d e p u ra t io n )  to  t h e  geno tox ic  
e f f e c t s  of  the  sed iment-bound h y d roca rbon - types  (heavy a ro m a t i c s )  than  
t o  t h e  l i g h t e r  a ro m a t ic s  found in  t h e  WSFs of  th e  w a te r  column (such as 
t h e  a rom a t ic s  in  t h e  s t a t i c  WSF e x p o s u r e s ) .  Indeed , th e  same enzyme 
system t h a t  a s s i s t s  in  d e p u ra t io n  o f  c e r t a i n  a ro m a t ic s  may a l s o  a c t i v a t e  
o t h e r  hydrocarbons  i n t o  t h e i r  geno tox ic  m o ie t i e s  (Payne and May, 1979).
VI. SUMMARY
An a n a l y s i s  was conducted on t h e  geno tox ic  e f f e c t s  o f  w a te r  s o lu b le  
f r a c t i o n s  o f  Venezuelan c rude  and No. 2 fue l  o i l  on t h e  chromosomes of  
L. putnami g i l l  c e l l s .  At WSF c o n c e n t r a t i o n s  ran g in g  from 0 .44  ppm to  
8 .7  ppm t o t a l  d i s s o l v e d  h yd roca rbons ,  lo n g - t e rm  exposu res  appoximated 
t h a t  of  a r e g u l a r l y  o i l e d  environment such as  t h a t  around an o f f s h o r e  
o i l  p l a t f o r m ,  o r  an i n f r e q u e n t l y  o i l e d  e s t u a r i n e  sed im ent .
A s h o r t - t e r m  exposure  t o  1% WSFs o f  both  o i l  ty p e s  proved s i g n i f i ­
c a n t l y  (P 0 .01)  more t o x i c  than  0 ,  2 and 4% WSF to  L. putnami sac f r y .  
Of th e  lo n g - t e rm  e x p o su r e s ,  96 and 99 days f o r  th e  No. 2 fu e l  and crude  
s t a t i c  sys tem s ,  r e s p e c t i v e l y ,  and 137 days f o r  t h e  f low - th rough  sys tem s ,  
s i g n i f i c a n t  i n c r e a s e s  in  chromosome b reakage  o c cu r red  in  t h e  No. 2 fue l  
s t a t i c  exper im en t .  This  exper im ent  was confounded by an i r r e g u l a r  
c o n t r o l ,  b u t ,  independen t  o f  th e  c o n t r o l ,  s i g n i f i c a n t  i n c r e a s e s  in  
a b e r r a t i o n s  were d e t e c t e d .
The c rude  s t a t i c  and f low - th rough  exposures  r e s u l t e d  in  a l e s s  
d ra m a t i c ,  b u t  s i g n i f i c a n t ,  i n c r e a s e  in  chromosome f ragm en ts .
I t  i s  h y p o th es ized  t h a t  t h e  smooth f l o u n d e r  p o s s e s s e s  an a c t i v e  
mixed f u n c t io n  ox idase  enzyme system, pe rhaps  t h e  a ry l  hydrocarbon 
hyd roxy lase  (AHH) system t h a t  i s  r e p o r t e d  in  o t h e r  f l o u n d e r  s p e c i e s .
This  system may t r a n s f o r m  c e r t a i n  hydrocarbons  (such as  t h e  No. 2 fue l  
WSF a ro m a t ic s )  i n t o  a c t i v e  mutagenic  forms.  Also,  i t  may p a r t i c i p a t e  in
-109-
-1 1 0 -
t h e  well -documented c a p a b i l i t y  t o  d e p u ra te  hydrocarbons ,  which f lo u n d e r  
s p e c i e s  a r e  known t o  p o s s e s s .
In t h e  l i t e r a t u r e  o f  o i l  p o l l u t i o n  r e s e a r c h ,  t h e r e  i s  a w ea l th  of  
s t u d i e s  t h a t  i n d i r e c t l y  s u g g e s t  t h a t  c e r t a i n  components o f  o i l  a re  
c ap a b le  o f  damaging th e  g e n e t i c  m a te r i a l  o f  marine organ isms.  Most of  
t h e  s t u d i e s  r e p o r t  g ross  m orpho log ica l ,  h i s t o l o g i c a l ,  and behav io ra l  
e f f e c t s  o f  o i l  upon marine s p e c i e s .  The s t u d i e s  r e p o r t e d  he re  a r e  the  
f i r s t  to  d i r e c t l y  a d d re s s  th e  impacts  o f  WSFs o f  o i l  upon th e  chromo­
somes of  a marine s p e c i e s .
REFERENCES
Alderson ,  R. 1974. Seawate r  c h l o r i n a t i o n  and the  s u rv iv a l  and growth 
o f  th e  e a r l y  developmenta l  s t a g e s  o f  P l a i c e ,  P le u ro n e c te s  p l a t e s s a  
and Dover S o le ,  So lea  s o l e a . A quacu l tu re  4: 41-53.
A l in k ,  G. M., E. M. H. F r e d e r i x - W o l t e r s ,  M. A. Van de Kerkhoff  and C. L. 
M. P o e l s .  1980. In d u c t io n  o f  s i s t e r  chromatid  exchanges in  f i s h  
exposed to  Rhine w a te r .  Mut. Res. 78: 369-374.
Ames, B. N. ,  J .  McCann and E. Yamasaski. 1975. Methods f o r  d e t e c t i n g  
c a rc in o g e n s  and mutagens w i th  th e  Salmonel1 a / mammalian—microsome 
mutagenc i ty  t e s t .  Mut. Res. 31: 347-364.
Anderson, J .  W. 1975. L abora to ry  s t u d i e s  on t h e  e f f e c t s  o f  o i l  on 
marine organisms:  an overview. A . P . I .  Pub. No. 4249.
_________ , D. B. D i x i t ,  G. S.  Ward and R. S. F o s t e r .  1977. E f f e c t s  of
pe t ro leum hydrocarbons  on th e  r a t e  o f  h e a r t  b e a t  and h a tc h in g  suc ­
c e s s  on e s t u a r i n e  f i s h  embryos. In: P h y s io lo g ic a l  Responses o f
Marine B io ta  t o  P o l l u t a n t s .  F. J .  Vernberg ( e d . ) ,  Academic P r e s s ,  
W.Y.: 241-2SV.------------------
_______ , J .  M. N e f f ,  B. A. Cox, H. E. Tatem and G. M. Hightower.
1974a. The e f f e c t s  o f  o i l  on e s t u a r i n e  an imals :  t o x i c i t y ,  uptake
and d e p u r a t io n ,  r e s p i r a t i o n .  In:  P o l l u t i o n  and Physio logy of
Marine Organisms. F.  J .  Vernberg and W. B. Vernberg,  (e d s . ) ,
Academic P r e s s , N. Y. :  285-310.
, , , , . 1974b.
C h a r a c t e r i s t i c s  o f  d i s p e r s i o n s  and w a t e r - s o l u b l e  e x t r a c t s  o f  crude  
and r e f i n e d  o i l s  and t h e i r  t o x i c i t y  t o  e s t u a r i n e  c r u s t a c e a n s  and 
f i s h .  Mar. B i o l .  27: 75-88.
Anonymous. 1980. N o tes .  Mar. P o l l u t .  B u l l .  11 (9 ) :  245.
Armant,  D. R . ,  A. L, Bokema, C. L. R u th e r fo rd  and J .  C a i r n e s .  1980. 
E v a lu a t io n  o f  in  v i t r o  enzyme i n h i b i t i o n  f o r  s c r e e n in g  pe t ro leum 
e f f l u e n t s .  BuTT. Envi ron .  Contam. T o x ico l .  24: 244-250.
A t l a s ,  R. M., A. Horowitz and M. Busdosh. 1978. Prudhoe crude  o i l  in  
a r c t i c  marine i c e ,  w a te r  and sediment  ecosys tems: d e g ra d a t io n  and
i n t e r a c t i o n s  w i th  m ic ro b ia l  and b e n th i c  communit ies.  J .  F i s h .  Res. 
Board Can. 35: 585-590.
Auerbach, C . ,  J .  M. Robson and J .  G. C a r r .  1947. The chemical produc­
t i o n  o f  m u ta t io n s .  Sc ience  105:243.
- I l l -
-1 1 2 -
Ax i a k ,  V. and L. J .  S a l i b a .  1981. E f f e c t s  o f  s u r f a c e  and sunken crude 
o i l  on th e  b e h av io r  o f  a sea  u r c h i n .  Mar. P o l l u t .  B u l l .  12 (1 ) :  
14-19.
B a n c ro f t ,  K .C .C . ,  S. B. K enda l l ,  M. M. Rhead and G. H en t ic .  1979. A 
novel c h a r g e - t r a n s f e r  polymer f o r  s e p a r a t i n g  hydrocarbon f r a c t i o n s  
o f  crude  o i l s .  Mar. P o l l . B u l l . 10 (8 ) :  238-239.
B ark e r ,  J .  1972. A method f o r  t h e  d i s p l a y  o f  chromosomes o f  P l a i c e ,  
P l e u r o n e c t e s  p l a t e s s a , and o t h e r  marine f i s h e s .  Copeia 2: 365-368.
Bend, J .  R . ,  G. L. Foureman, Z. Ben-Zui,  J .  0 .  Koo and J .  R. F ou ts .
1979. H e te ro g en e i ty  of  h e p a t i c  microsomal B(a)p hydroxy lase  {AHH) 
and 7 - e t h o x y r e s o r u f i n  o - d e e t h y l a s e  (7-ERF) a c t i v i t i e s  in  i n d iv id u a l  
w i n t e r  f l o u n d e r s ,  Pseu d o p leu ro n ec te s  am er icanus .
Bender,  M. A. ,  H. Gaston-Griggs  and J .  S. Bedford.  1974. Mechanisms of  
chromosomal a b e r r a t i o n  p r o d u c t io n .  I I I .  Chemicals and I o n iz in g  
R ad i a t i o n .  Mut. Res. 23: 197-212.
Berdugo, V . , R. P. H a r r i s  and S. C. O 'Hara .  1977. The e f f e c t s  of 
pe t ro leum hydrocarbons  on r e p ro d u c t io n  o f  a i r  e s t u a r i n e  p l a n k to n ic  
copepod in  l a b o r a t o r y  c u l t u r e s .  Mar. P o l l .  B u l l .  8 (6 ) :  138-143.
Bigelow, H. B. and W. C. Schroeder .  1953. F i sh es  o f  th e  Gulf o f  Maine, 
U. S. Government P r i n t i n g  O f f i c e ,  Washington, D. C.
Bloom, A. D. 1972. Induced chromosomal a b e r r a t i o n s :  b i o l o g i c a l  and
c l i n i c a l  s i g n i f i c a n c e .  J .  P e d i a t r i c s  81 (1 ) :  1-8 .
Blummer, M. 1972a. Oil c o n tam ina t ion  and th e  l i v i n g  r e s o u r c e s  of  the  
s ea .  In: Marine P o l l u t i o n  and Sea L i f e , M. Ruiro  ( e d . ): 476-481.
_________ . 1972b. Submarine seeps :  a re  they  a major source  o f  open
ocean o i l  p o l l u t i o n ?  Sc ience  176: 1257-1258.
. 1972c. Ind igenous  and pe tro leum d e r iv e d  hydrocarbons  in  an 
o i l  p o l l u t e d  sed im ent .  Mar. P o l l u t .  B u l l .  3: 92-94.
, and J .  S as s .  1972. Oil p o l l u t i o n :  r e s i s t a n c e  and degrada­
t i o n  o f  s p i l l e d  fue l  o i l .  Sc ience  176: 1120-1122.
Bochkov, N. P. 1972. Spontaneous chromosome a b e r r a t i o n s  in  human soma­
t i c  c e l l s .  Humangenetik 16: 159-164.
B o t t ,  T. L. and K. Rogenmuser. 1978. E f f e c t s  o f  Ho. 2 fue l  o i l ,  
N ig e r ian  c rude  o i l  and used c ran k case  o i l  on a t t a c h e d  a lg a l  
communities:  a cu te  and c h ro n ic  t o x i c i t y  o f  w a t e r - s o l u b l e  c o n s t i ­
t u e n t s .  Applied and Environ .  Micro.  36 (5 ) :  673-682.
-113-
Boylan, D. B. and B. W. T r ip p .  1971. De te rm ina t ion  o f  hydrocarbons  in  
seaw a te r  e x t r a c t s  of  crude o i l  and c rude  o i l  f r a c t i o n s .  Natu re  230: 
44-47.
Brenniman, G.,  R. Hartung and W. 0.  Weber J . R . .  1965. A con t inuous
flow b io assay  method to  e v a l u a t e  t h e  e f f e c t s  o f  ou tboard  motor 
e x h au s t s  and s e l e c t e d  a rom at ic  t o x i c a n t s  on f i s h .  Water Res. 10: 
165.
Brown, R. A. and P. K. S t e a r n e s .  1978. Hydrocarbons in  t h e  w a te r  and 
sedim ent o f  W ilderness  Lake I I .  Mar. P o l l u t .  B u l l .  9 (6 ) :  162-165.
B ru s ick ,  D. 1980. P r i n c i p l e s  o f  Genet ic  Toxicology.  Plenum P r e s s ,
N.Y.
Burke,  P. M. and F.  K. Hoornbeek. 1978. Chromosomes o f  th e  smooth 
f l o u n d e r ,  L i o p s e t t a  putnami [ A b s t r a c t ] .  Can. J .  o f  G ene t ic s  and 
C y t o l . , 201 440-441.
B u t l e r ,  J .  N. and E. M. Levy. 1978. Long-term f a t e  of  pe t ro leum hydro­
carbons  a f t e r  s p i l l s —composi t ion  changes and m ic rob ia l  d e g ra d a t io n .  
J .  F ish  Res. Board o f  Can. 35: 604-605.
Chambers, J .  E . ,  0 .  R. H e i t z ,  F. M. McCorkle, And J .  D. Yarbrough.
1979. Enzyme a c t i v i t i e s  fo l lo w in g  c h ro n ic  exposure  to  c rude  o i l  in  
a s im u la ted  ecosys tem: I I .  S t r i p e d  M u l le t .  Environ . Res. 20 (1 ) :
140-147.
Cheung, M. T . ,  T. Y. Cheng, S. W. Leung, C. C. Lo and L. M. Mak. 1979. 
Oil p o l l u t i o n  along c o a s t a l  a r e a s  of  Hong Kong. Mar. P o l l .  B u l l .  10 
( 8 ) :  228-231.
Cohen, M. M. and K. H irschhorn .  1971. C y togene t ic  s t u d i e s  in  an im a ls .  
In: Chemical Mutagens: P r i n c i p l e s  and Methods o f  t h e i r  D e t e c t i o n .
Vol.  2, A. H o l laen d e r ,  ( e d . ) ,  Plenum P r e s s ,  N.Y.,  515-534.
Cole ,  T. J .  1978. P r e l im in a r y  e c o l o g i c a l - g e n e t i c  comparison between 
u n p e r tu rb ed  and o i l - i m p a c t e d  U rosa lp inx  c in e a  (O ys te r  D r i l l )  
p o p u la t i o n s :  Nobska P o in t  (Woods Hole) and""Wild Harbor (West
Falmouth) Mass. J .  F i s h .  Res.  Board Can. 35: 624-629.
Comings, D. E. 1978. Mechanisms o f  chromosome banding and i m p l i c a t i o n s  
f o r  chromosome s t r u c t u r e .  In:  Annual Review o f  G en e t ic s  Vol.  12,
H. L. Roman ( e d . ) ,  Annual Reviews I n c . ,  Palo A l to ,  C a l i f . ,  25-46.
Cucc i ,  T. L. and C. E. Ep i fano .  1979. Long-term e f f e c t s  o f  w a te r -  
s o l u b l e  f r a c t i o n s  o f  Kuwait c rude  o i l  on th e  l a r v a l  and j u v e n i l e  
development of  the  Mud Crab, Eurypanopeus d e p re s s u s .  Mar. B io l .  55: 
215-220.
r
- 1 1 4 -
D a r l in g to n ,  C. D. and La Cour.  1975. The Handling o f  Chromosomes, 6 th  
e d . , John Wiley and Sons,  N.Y.
D a s t i l l u n g ,  M. and P. A lb r e c h t .  1976. M olecu lar  t e s t  f o r  o i l  p o l l u t i o n
in  s u r f a c e  sed im en ts .  Mar. P o l l u t .  B u l l .  7 (1 ) :  13-15.
Dean, B. J .  1969. Chemica l- induced chromosome damage. Labora to ry  
Animal 3: 157-174.
. 1979. C y to g en e t ic  a s p e c t s  o f  m u ta g e n ic i ty  t e s t i n g .  In: 
Mutagenesis  in  Sub-mammalian S y s te ms: S t a t u s and S i g n i f i c a n c e , G.
5 .  Page t  ( e d . ) Univ. Park P r e s s ,  B a l t im o re ,  135-14^.
Delaune,  R. D . , G. A. Hambrick I I I  and W. H. P a t r i c k ,  J r .  1980.
Degrada t ion  o f  hydrocarbons in  o x id iz e d  and reduced sed im en ts .  Mar.
P o l l .  B u l l .  11 (4 ) :  103-106.
Denton, T. E. 1973. F i sh  Chromosome Methodology, C h ar le s  C. Thomas 
P u b l i s h e r s ,  S p r i n g f i e l d ,  I l l i n o i s .
Derby, C. D. and J .  Atema. 1981. I n f lu e n c e  o f  d r i l l i n g  muds on th e  
primary  chemosensory neurons in  walk ing  l e g s  o f  th e  l o b s t e r ,  Homarus 
am er icanus . Can. J .  F i s h .  Aquat.  S c i .  38: 268-274.
Drake,  J .  W. and th e  Council o f  th e  Environmental  Mutagen S o c ie ty .
1975. Environmental  mutagenic  h a z a rd s .  Sc ience  187: 503-515.
Douglas,  N. H. and W. H. I rw in .  1963. R e l a t i v e  r e s i s t a n c e  o f  f i s h  spe ­
c i e s  t o  pe t ro leum r e f i n e r y  w as te s :  P a r t  I .  I n d u s t .  Water and 
Wastes 8 (2 ) :  22-25.
E ld redge ,  M. B . ,  T. Echeuer ia  and J .  A. Whipple.  1977. E n e r g e t i c s  o f  
P a c i f i c  Herr ing  (Clupea Harengus p a l l a s i ) embryos and l a r v a l  exposed 
t o  low c o n c e n t r a t i o n s  o f  benzene ,  a monoaromatic component o f  crude 
o i l .  T rans .  Am. F i s h .  Soc.  106 (5 ) :  462.
E l l e n t o n ,  J .  A. 1980. M u tagen ic i ty  o f  fue l  o i l  Wo. 2 and o f  Prudhoe 
Bay crude  o i l  [ A b s t r a c t ] .  Can. J .  o f  Genet .  And C y t o l . 22 (4 ) :
661.
Evans,  H. J .  1976. C y to lo g ic a l  methods f o r  d e t e c t i n g  chemical muta­
gens.  In: Chemical Mutagens: P r i n c i p l e s  and Methods f o r  t h e i r
D e tec t io n  Vol. 4,  A. H ol laender  ( e d . )', Plenum P r e s s ,  W.Y.’, 1-29.
F a r r i n g t o n ,  J .  W. 1976. Oil p o l l u t i o n  in  t h e  c o a s t a l  environment .  In:  
E s tu a r in e  P o l l u t i o n  Contro l  and A ssessm ent , Vol. 2 U .S .E .P .A . ,
O f f i c e  o f  Water P lann ing  and S ta n d a rd s ,  Washington, D .C . ,  385-400.
. 1977. The b iogeochem is t ry  o f  o i l  i n  t h e  ocean.  Oceanus 20nrrr 5-14.
-115-
. 1980. An overv iew o f  th e  b iogeochem is t ry  o f  f o s s i l  fue l
hydrocarbons  in  t h e  marine  env ironm ent .  In: Pe t ro leum i n  t h e
Marine Environment, L. P e t r a k i s  and F.  T. Weis ( e d s . ) ,  Adv. in  Chem. 
S e r i e s  185, American Chemical S o c i e t y ,  Washington, D .C . ,  1-22 .
, J .  M. Teal and B. W. T r ip p .  1980. Experimenta l  s t u d i e s  o f  
hydrocarbons  in  b e n th i c  an im als  and sed im en ts .  I n t e r n a t i o n a l  Assoc,  
f o r  t h e  P hys ica l  S c i .  o f  th e  Oceans (IAPS0) Symposium Ps-G on Marine 
P o l l u t i o n  T r a n s f e r  P r o c e s s e s ,  December, 1979, Canberra ,  A u s t r a l i a ,
M. Waldichuck ( e d . ) .
Fingerman, S. W. 1980. D i f f e r e n c e s  in  t h e  e f f e c t s  o f  fue l  o i l ,  an o i l  
d i s p e r s a n t ,  and t h r e e  p o l y c h l o r i n a t e d  b ip h e n y ls  on f i n  r e g e n e r a t i o n  
in  t h e  Gulf Coas t  k i l l i f i s h ,  Fundulus  g r a n d i s . B u l l .  Envi ron .  
Contam. and Tox. 25 ( 2 ) :  234-2'4'0.
F l e t c h e r ,  G. L. 1975. The e f f e c t  o f  c a p tu r e  " s t r e s s "  and s t o r a g e  o f  
whole blood on th e  red  c e l l s ,  p lasma,  p r o t e i n s ,  g lu c o se ,  and 
e l e c t r o l y t e s  o f  the  Winte r F lounder ,  ( P seudop leu ronec te s  
a m er icanus ) . Can. J .  Z o o l . 53: 197-2T3o^
, J .  W. K ic in iu k ,  and V. P. W i l l iam s .  1981. E f f e c t s  of  o i l e d
sed im ents  on m o r t a l i t y ,  f e e d in g ,  and growth o f  Win te r  F lounder ,  
Pseu d o p leu ro n ec te s  am er icanus .  Mar. Ecology: P ro g re s s  S e r i e s ,  4:
1 T= W .-------------------------------------------- ----------------------------
Frank ,  U. 1975. I d e n t i f i c a t i o n  o f  pe t ro leum o i l s  by f l u o r e s c e n t
sp e c t ro s c o p y .  In: 1975 Conference  on P rev e n t io n  and Contro l  o f  Oil 
P o l l u t i o n  A . P . I . ,  Washington, D. C . ,  87-91.
G a l t s o f f ,  P. S . ,  H. F. P r y t h e r c h ,  R. 0 .  Smith and V. Koehring.  1935. 
E f f e c t s  o f  c rude  o i l  p o l l u t i o n  on o y s t e r s  in  Lou is ianna  w a te r s .
B u l l .  Bureau. F i s h . , Washington,  D. C . ,  18: 143-210.
Gardner ,  E. R. 1978. A review o f  h i s t o p a t h o l o g i c a l  e f f e c t s  o f  s e l e c t e d  
con tam inan ts  on some marine  o rgan ism s .  Mar. F i s h .  Rev. 40 (10) :  
51-52.
Gear ing ,  J .  N. ,  J .  F a r r i n g t o n ,  P. J .  Gear ing ,  T. Wade, J .  G. Quinn, B. 
McCarty, and R. F.  Lee.  1979. The r a t e s  o f  t r a n s p o r t  and f a t e s  of  
pe t ro leum hydrocarbons  in  a c o n t r o l l e d  marine  ecosys tem, and a no te
on a n a l y t i c a l  v a r i a b i l i t y .  In:  Proceed ings  o f  t h e  1979 Oil S p i l l
C onfe rence , A . P . I . ,  E .P .A . ,  U .S .C .G . ,  555-564.
G e r h a r t ,  E. H. and R. M. C a r l so n .  1978. H epat ic  m ixed - fu n c t io n  o x id a te  
a c t i v i t y  in  Rainbow T ro u t  exposed t o  s ev e ra l  p o l y c y c l i c  a ro m a t ic  
compounds. Envi ron .  R e s . ,  17: 284-294.
r
-116-
G i l f i l l a n ,  E. S . ,  D. W. Mayo, D. S. Page,  D. Donovan and S. Hanson.
1977. E f f e c t s  o f  va ry in g  c o n c e n t r a t i o n s  o f  pe t ro leum hydrocarbons  
in  sed im ents  on carbon f l u x  in  Mya a r e n a r i a . In: P h y s io lo g ic a l
Responses o f  Marine B io ta  t o . P o l l u t a n t s . F. J .  Vernberg ,  A. 
C a la b re s e ,  F. P. Thurberg and W. B. Vernberg,  ( e d s . ) .  Academic 
P r e s s ,  N.Y.,  299-314.
Goldberg ,  E. D. (ch a i rm an ) .  1980. The I n t e r n a t i o n a l  Mussel Watch, 
Nat ional  Academy o f  S c i e n c e s ,  Washington, D. C.
Gordon, D. C. and P. D. K e ize r .  1974. E s t im a t io n  o f  pe t ro leum hydro­
carbons  in  s eaw ate r  by f l u o r e s c e n c e  sp ec t ro sc o p y :  improved sampling
and a n a l y t i c a l  methods.  Department o f  the  Environment F i s h e r i e s  and 
Marine S e rv ic e  Marine Ecology Labora to ry  Technica l  R epor t  No. 481, 
Canada.
_________ , _________, and J .  Dale.  1974. E s t im a te s  u s ing  f l u o r e s c e n t
s p ec t ro scopy  o f  t h e  p r e s e n t  s t a t e  of  pe t ro leum hydrocarbon con­
t a m in a t io n  in  the  w a te r  column o f  t h e  N o r th e a s t  A t l a n t i c  Ocean. 
Marine Chem. 2: 251-261.
, , and _________ . 1978. Temporal v a r i a t i o n s  and p ro -
bab le  o r i g i n s  o f  hydrocarbons  in  t h e  w a te r  column o f  Bedford Bas in ,  
Nova S c o t i a .  E s t u a r i n e  and Coas ta l  Mar. S c i .  7: 243-256.
_________ , , and N. J .  P rouse .  1973. Labora to ry  s t u d i e s  of
accommodation o f  some crude  and r e s i d u a l  fue l  o i l s  in  seaw a te r .  J_. 
F ish  Res.  Bd. o f  Can. 30: 1611-1618.
 , and N. J .  P rouse .  1973. The e f f e c t s  of  t h r e e  o i l s  on marine
phytop lank ton  p h o t o s y n t h e s i s .  Marine B i o l . 22: 329-333.
G raef ,  W. and C. Winter .  1968. [Engl .  A b s t r a c t ]  3, 4-Benzopyrene .  
E r d o l . Arch. Hyg. 152 (4 ) :  289-293.
Gruger,  E. H. ,  M. M. Wekel l ,  P. T. Numoto, D. R. Craddock. 1977.
In d u c t io n  o f  h e p a t i c  a ry l  hydrocarbon hydroxy lase  in  salmon exposed 
t o  pe tro leum d i s s o l v e d  in  s eaw ate r  and t o  pe t ro leum and po lych­
l o r i n a t e d  b ip h e n y l s ,  s e p a r a t e  and t o g e t h e r  in  food. B u l l .  Environ . 
Contam. and Tox. 17 ( 5 ) :  512.
Grushko, Y. M., 0.  M. Kozhova and L. M. Mamontova. 1978. Toxic 
su b s ta n c es  in  t h e  e f f l u e n t s  o f  pe t rochem ica l  p l a n t s  and t h e i r  
e f f e c t s  on a q u a t i c  organisms (a r e v ie w ) .  H ydrob io log ica l  J .  14 (2 ) :  
47-51.
Hargrave ,  B. T. and G. A. P h i l l i p s .  1975. E s t im a te s  o f  o i l  in  a q u a t i c  
sedim ents  by f lu o r e s c e n c e  s p ec t ro sc o p y .  Environ . P o l l u t .  8:
193-215.
Heddle,  J .  A. 1973. A r a p i d  in  v ivo t e s t  f o r  chromosome damage. Mut. 
Res. 18: 187-190.
f-117-
Hedtke,  S.  F. and F. A. P u g l i s i .  1980. E f f e c t s  o f  waste  o i l  on the  
s u rv iv a l  and r e p r o d u c t io n  o f  t h e  American F i n g f i s h  J o r d a n e l l a  f l o r i -  
d a e . Can. J .  o f  F ish  and Ag. S c i e n c e s . 37 (5 ) :  757-764.
Henning, H. F.  K. 0 .  1979. Q u a n t i t a t i v e  a n a l y s i s  o f  r e s i d u a l  fue l  o i l
in  sedim ent samples by a b s o r b t io n  spec t ropho tom etry  Mar. P o l l .  B u l l .  
10 (8 ) :  234-237.
Hoffman, G. R. 1980. G ene t ic  e f f e c t s  o f  dimethyl s u l f a t e ,  d i e th y l  
s u l f a t e ,  and r e l a t e d  compounds. Mut. Res.  75 (1 ) :  63-129.
Hol lenbeck ,  P. J .  and C. L. Chrisman. 1981. Kidney p r e p a r a t i o n s  f o r
chromosomal a n a ly se s  o f  I c t a l u r i d a e .  Copeia 1: 216-217.
Hooftman, R. N. 1981. The in d u c t io n  of  chromosome a b e r a t i o n s  in
Notobranchus rachowi ( P ic e s :  Cypr inodon t idae )  a f t e r  t r e a t m e n t  with
e thy l  methanes 'u l fonate  o r  benzo (a) pyrene .  Mut. Res. 91: 347-352.
, and G. J .  Vink. 1982. C y to g en e t ic  e f f e c t s  on th e  E as te rn  
Mudminnow, Umbra pygmaea exposed t o  e thy l  m e th a n e s u l fo n a te ,  benzo 
(a) pyrene and r i v e r  w a te r .  E c o to x ic o l .  Environ . S a fe ty  ( i n  p r e s s ) .
Hoornbeek, F.  K. 1979. Chromosome m an ip u la t io n  in  th e  b reed ing  o f
Smooth and Winter F lo u n d e rs .  C. M. 1979/F:49 ,  Mari c u l t u r e  Committee 
o f  th e  I n t e r n a t i o n a l  Council  f o r  t h e  E x p lo ra t io n  o f  the  Sea.
_________ , and P. M. Burke.  1981. Induced number v a r i a t i o n  in  th e
Winte r F lounder .  J .  o f  H ered i ty  72 (3 ) :  189-192.
, P. J .  Sawyer and E. Sawyer. 1982. C u l tu re  o f  Win te r  and
Smooth F lounders  in  h e a te d  and unheated  w a te r .  A q u a cu l tu r e : ( in
p r e s s ) .
Hyland, J .  L. and E. 0.  S c h n e id e r .  1976. Petroleum hydrocarbons  and 
t h e i r  e f f e c t s  on marine o rgan ism s ,  p o p u l a t i o n s ,  communities and eco­
sys tem s .  In: Sources  E f f e c t s  and Sinks  o f  Hydrocarbons in  t h e
Aquat ic  Environment,  F.  T. Weiss ( e d . ) ,  A . I . B . S . ,  Washington, D. 
----------
Iwaoka, W. T . ,  M. L. L a n d o l t ,  K. B. P i e r s o n ,  K. P. F e l t o n ,  and A.
A b o l in s .  1979. S tu d ie s  on a ry l  hydrocarbon h y d ro x y la se ,  p o ly c y c l i c  
hydrocarbon c o n t e n t ,  and epidermal  tumors of  f l a t f i s h .  In:  Animals
as  Monitors  o f  Environmental  P o l l u t a n t s  Nat ional  Academy o f  
S c i e n c e s ,  Washington, D.' C. 85-93.
J o h n s ,  D. M. and J .  A. Pechen ik .  1980. I n f lu e n c e  o f  the  w a te r -  
accommodated f r a c t i o n  o f  No. 2 fue l  o i l  on e n e r g e t i c s  o f  Cancer 
i r r o a t u s  l a r v a e .  Mar. B io l .  55: 247-254.
K e iz e r ,  P. D.,  J .  Dale and D. C. Gordon, J r .  1978. Hydrocarbons in 
s u r f i c i a l  sed im ents  from the  S co t ian  S h e l f .  Geochemica e t  
Cosmochimica Acta 42: 165-172 Great  B r i t i a n .
-118-
, and D. C. Gordon, J r .  1973. D e tec t io n  o f  t r a c e  amounts o f  
o i l '  in  seaw ate r  by f l u o r e s c e n c e  s p ec t ro sc o p y .  J .  F i s h .  Res. Bd.
Can. 30 (8) 1030-1039.
Khan, R. A . ,  J .  K icen iuk ,  M. Dawe and U. W il l iam s .  1981. Long-term 
e f f e c t s  of  c rude  o i l  on A t l a n t i c  Cod. Repor t  C. M. 1981/E:40 f o r  
t h e  I n t e r n a t i o n a l  Council f o r  the  E x p lo ra t io n  o f  t h e  Sea.
K icen iuk ,  J .  W., G. L. F l e t c h e r  and R. Misra .  1980. P h y s io lo g ic a l  and 
morphologica l  changes in  a c o ld  t o r p i d  marine f i s h  upon a c u te  expo­
su re  t o  pe t ro leum.  B u l l .  Environ . Contam. and Tox. 24 (2 ) :
313-319.
K l i e s c h ,  U . , N. Danford and I .  D. A dle r .  1981. Micronucleus  t e s t  and 
bone marrow chromosome a n a l y s i s :  a comparison o f  two methods j_n
vivo f o r  e v a l u a t i n g  ch em ica l ly  induced chromosome a l t e r a t i o n s .  Mut. 
ResT 80 (2 ) :  321-332.
Kligerman, A. D. 1979a. C y togene t ic  methods f o r  t h e  d e t e c t i o n  of
r a d i a t i o n - i n d u c e d  chromosome damage in  a q u a t i c  o rgan ism s.  Technica l  
Repor t  S e r i e s  No. 190: Methodology f o r  Assess ing  Impacts of
R a d i o a c t i v i t y  on Aquatic  Ecosystems^ I n t e r n a t i o n a l  Atomic Energy 
Agency, Vienna,  349-367.
. 1979b. In d u c t io n  o f  s i s t e r  chromtid  exchanges in  th e
Cen t ra l  Mudminnow fo l lo w in g  in  vivo exposure  t o  mutagenic  a g e n t s .  
Mut. Res.  64: 205-217.
_________ . 1980. The use o f  a q u a t i c  organisms to  d e t e c t  mutagens t h a t
cause  c y to g e n e t i c  damage. In:  R ad ia t io n  E f f e c t s  on Aquatic
Organisms, N. Egami ( e d . ) ,  Japan .  S c i .  Soc. P r e s s ,  Tokyo, Univ. Park 
P r e s s ,  B a l t im o re .
_________ , and S. E. Bloom. 1976. S i s t e r  chromat id  d i f f e r e n t i a t i o n  and
exchanges in  a d u l t  Mudminnows Umbra l imi a f t e r  j_n vivo exposure  to  
5-Bromodeoxyuridine.  Chromosoma 56: TUl-109.
and . 1977a. D i s t r i b u t i o n  o f  F - b o d ie s ,  he te rochroma-
t i n ,  and n u c l e o l a r  o r g a n i z e r s  in  th e  genome o f  th e  C en t ra l  
Mudminnow, Umbra l i m i . Cytogen. C e l l .  Genet.  18: 182-196.
and . 1977b. Rapid Chromosome p r e p a r a t i o n s  from
s o l i d  t i s s u e s  of f i s h .  J .  F i sh  Res.  Bd. Can. 34 (2 ) :  266-269.
, , and W. M. Howell.  1975. Umbra l i m i :  a model f o r
s tudy o f  chromosome a b e r r a t i o n s  in  f i s h e s .  Mut. Res. 31: 225-233.
K ola t tukudy ,  P. E. 1976. B iogenes is  o f  non isopreno id  a l i p h a t i c  hydro­
c a rbons .  In:  Symposium on Sources ,  E f f e c t s  and S inks  of
Hydrocarbons in  t h e  Aquatic  Environment.  F. T. Weiss,  ( e d . ) ,  
American I n s t ,  of B io l .  S c i . ,  Washington, D. C . ,  120-158.
I
-119-
Korn, S . ,  D. A. Moles and S.  D. R ice .  1979. E f f e c t s  o f  t e m p e ra tu re  on 
th e  median t o l e r a n c e  l i m i t  o f  Pink Salmon and shrimp exposed to  
t o l u e n e ,  naph tha lene  and Cook I n l e t  crude  o i l .  B u l l .  Envi ron .  
Contam. and Tox. 21: 521-525.
Kovaleva,  G. I .  and N. D. Mazmanidi. 1978. The e f f e c t s  o f  crude  o i l  
and i t s  d e r i v a t i v e s  on f i s h  (a re v ie w ) .  H ydrob io log ica l  J .  14 (5 ) :  
57-52.
Kunhold,  W. W. 1969. [Engl .  A b s t r a c t ] .  The in f l u e n c e  o f  w a te r  s o lu b le  
compounds o f  crude  o i l s  and t h e i r  f r a c t i o n s  on th e  o n to g e n e t i c  deve­
lopment o f  h e r r i n g  f r y  (Clupea h a re n g u s ).  Ber .  D. T. Wiss. Komm. 
Meeres Forsch .  29 (2 ) :  165-T71.
. 1978. E f f e c t s  o f  th e  w a te r  s o l u b l e  f r a c t i o n  o f  a Venezuelan
heavy fuel o i l  (No. 6) on cod eggs and l a r v a e .  In: In th e  Make of  
th e  Argo Merchant:  P roceed ings  o f  a Symposium. Univ. o f  R. I .  
C en te r  f o r  Ocean Management S t u d i e s ,  K ings ton ,  R . I . ,  126-130.
LaCaze,  L. C. and 0 .  V i l ledon  de Naide.  1976. I n f lu e n c e  o f  i l l u m i n a ­
t i o n  on p h y t o t o x i c i t y  o f  c rude  o i l .  Mar. P o l l u t .  B u l l .  7 (4 ) :
73-76.
Law, R. J .  1978. De te rm ina t ion  o f  petro leum hydrocarbons in  w a te r ,
f i s h  and sedim ents  fo l lo w in g  th e  Ekof isk  b low-out .  Mar. P o l l u t .  
B u l l .  9 (12) 321-324.
. 1981. Hydrocarbon c o n c e n t r a t i o n s  in  w a te r  and sed im ents  from
1). K. marine w a te r s ,  d e te r m in a t io n  by f l u o r e s c e n c e  sp ec t ro sc o p y .
Mar. P o l l u t .  B u l l .  12 (5 ) :  153-157.
Lee,  R. F.  1977. Fa te  o f  pe t ro leum components . in  e s t u a r i n e  w a te r s  o f
th e  S o u th e a s t e rn  United  S t a t e s .  1977 Oil S p i l l  Conference .  A . P . I .  
Pub. No. 4284, 611-616.
Lee,  W. Y. ,  M. F.  Welch and J .  A. C. N ico l .  1977. Surv iva l  o f  two
s p e c i e s  o f  amphipods in  aqueous e x t r a c t s  o f  pe t ro leum o i l s .  Mar.
P o l l u t .  B u l l .  8 (4 ) :  92-94.
L e g a to r ,  M. S . ,  K. A. Palmer and I-D. Adler .  1973. A c o l l a b o r a t i v e  
study o f  in  vivo c y t o g e n e t i c  a n a l y s i s .  I .  I n t e r p r e t a t i o n  o f  s l i d e  
p r e p a r a t i o n s .  Tox. a n d A p p l .  Pharm. 24: 337-350.
LeGrande, W. H. 1975. Karyology o f  s ix  s p e c ie s  o f  Lou is iana  f l a t f i s h  
(P I e u r o n e c t i f o r m e s : O s t e i c h t h y e s ) . Copeia 3: 516-522.
Levy, E. M. 1972. The i d e n t i f i c a t i o n  o f  pe tro leum p ro d u c ts  in  the  
marine envi ronment by a b s o r b t io n  spec t ropho tom etry .  Water Res. 6: 
57-69.
-1 2 0 -
Linden,  0 . ,  R. Emgren and P. Boehm. 1979. The T s e s i s  o i l  s p i l l :  i t s
impact on th e  c o a s t a l  ecosystem o f  th e  B a l t i c  Sea. Ambio. 8 (6 ) :  
244-253.
Longwell ,  A. C. 1976. Chromosome mutagenes is  in  deve lop ing  Mackerel 
eggs sampled from th e  New York B ig h t .  N.O.A.A. Tech. Memorandum 
E . R . I .  MESA-7: 61.
. 1977. A g e n e t i c  look a t  f i s h  eggs and o i l .  Oceanus 20 (4 ) :  
46-58.
. 1978. F i e l d  and l a b o r a t o r y  measurements o f  s t r e s s  a t  the
chromosome and c e l l  l e v e l s  in  p l a n k to n ic  f i s h  eggs.  In: In th e
Wake o f  t h e  Argo Merchant:  P roceed ings  o f  a Symposium. Univ.  o f  RI
C en te r  f o r  Ocean Management S t u d i e s ,  K ings ton ,  RI,  116-125.
. 1979. F i sh  egg chromosome d i v i s i o n s  s e n s i t i v e  t o  c o n t a c t  
w i th  o i l .  Mar. F i s h .  Rev. 41 (3 ) :  27-29.
Macek, K. J .  and B. H. S l e i g h t  I I I .  1977. U t i l i t y  o f  t o x i c i t y  t e s t s  
w i th  embryos and f r y  o f  f i s h  in  e v a l u a t i n g  hazards  a s s o c i a t e d  with  
t h e  c h ro n ic  t o x i c i t y  o f  chemica ls  t o  f i s h e s .  In: Aquatic
Toxicology and Hazard E v a lu a t io n  A.S.T.M.-STP-634. F. L . M a y e r  and 
J .  L. Hamel ink ( e d s . )  Am. Soc. f o r  T e s t ,  and M a t e r i a l s .  137-146.
M al in s ,  D. C . ,  T. K. C o l l i e r  and H. R. Sanborn.  1979. D i s p o s i t i o n  and 
metabolism o f  a rom at ic  hydrocarbons  in  marine o rgan ism s.  In: 
P e s t i c i d e s  and Xenqb io t ic  Metabolism in  Aquatic  Organisms. M.A.Q. 
Khan ( e d . ) A. C. S. Symposium S e r i e s  99,  Washington, Q. C. 57-75
M cAuli f fe ,  C. D. 1966. S o l u b i l i t y  in  w a te r  o f  p a r a f f i n ,  c y c l o p a r a f f i n ,  
o l e f i n ,  a c e th y le n e ,  c y c l o o l e f i n  and a rom at ic  hydrocarbons .  J .  Phys.  
Chem. 70: 1267-1275.
McCain, B . ,  K. V. P i e r c e ,  S.  R. W ell ings  and B. S. M i l l e r .  1977. 
Hepatomas in  marine f i s h  from an urban e s t u a r y .  B u l l .  Environ . 
Contam. and T o x ic o l .  18: 1-2 .
. B . ,  H. 0 .  Hodgins ,  W. D. Gronlund, J .  W. Hawkes, D. W. Brown
and M. S. Myers.  1978. B i o a v a i l a b i l i t y  o f  crude  o i l  from e x p e r i ­
m en ta l ly  o i l e d  sediments  to  Eng l i sh  Sole  (Parophrys  v e t u l u s ) and 
p a t h o l o g i c a l  consequences .  J .  F i s h .  Res. 8d.  Can. '3TF. 657-664.
McKeown, 8 .  A. and G. L. March. 1978. The e f f e c t s  of  Bunker C o i l  and
an o i l  d i s p e r s a n t :  P a r t  2: e f f e c t s  on th e  accumula t ion  o f
c h l o r i n e - l a b e l l e d  Bunker C o i l  i n  v a r io u s  f i s h  t i s s u e s .  Mar. 
Environ . Res. 1: 119-123.
M er tens ,  E. W. and J .  R. Gould. 1977. The e f f e c t s  of  o i l  on marine
l i f e :  an overview o f  r e s e a rc h  sponsored  by th e  American Pe tro leum
I n s t i t u t e .  1977 Am er ica n Pe troleum I n s t i t u t e  Tanker C onfe rence . 
Houston, TX, 1-ITT
-1 2 1 -
Mi ronov, 0 .  G. 1967. E f f e c t  o f  low c o n c e n t r a t i o n s  o f  o i l  and o i l  p ro ­
d u c ts  on th e  deve lop ing  eggs o f  th e  Black Sea f l a t f i s h .  Uop. 
I k h t i o l .  7 (3 ) :  577-580. (Summ. in  E n g l . ) .
. 1972. E f f e c t  o f  o i l  p o l l u t i o n  on f l o r a  and fauna o f  the
BTack Sea.  In:  Marine P o l l u t i o n  and Sea L i f e .  M. Ruivo ( e d . ) ,
222-2W.
Moles,  A . ,  S. 0.  Rice and S. Korn. 1979. S e n s i t i v i t y  o f  Alaskan f r e s h ­
w a te r  and anadramous f i s h  t o  Prudhoe Bay crude  o i l  and benzene.  Am. 
F i s h .  Soc. T ran s .  108 ( 4 ) :  408-414.
Moore, S.  F. and R. L. Dwyer. 1974. E f f e c t s  o f  o i l  on marine
organisms: a c r i t i c a l  a s sessm en t  o f  p u b l i sh e d  d a t a .  Water Res. 8:
819-827.
M u l le r ,  H. J .  1927. A r t i f i c i a l  t r a n s m u ta t io n  o f  the  gene.  Sc ien ce .
66 : 84-87.
Nagao, M., T. Sugimura and T. Matsushima. 1978. Environmental  mutagens 
and c a r c in o g e n s .  In :  Annual Review o f  G ene t ic s  Vol. 12, H. L.
Roman ( e d . ) Annual Reviews, I n c . ,  Palo  A l to ,  C a l i f . ,  117-160.
Nagata ,  S.  and G. Kondo. 1977. P h o to o x id a t io n  o f  c rude  o i l s .  1977 
Oil S p i l l  Conference  A . P . I .  Pub. No. 4284, 617-622.
Nat ional  Academy o f  S c i e n c e s .  1979. Animals as Monitors  o f  Envi ron­
mental  P o l l u t a n t s , Washington,  D. ET
N eff ,  J .  M. and J .  W. Anderson. 1975. U l t r a v i o l e t  s p e c t ro p h o to m e t r i c  
method f o r  th e  d e te r m in a t io n  o f  naph tha lene  and a lky l  n a p h th a len e s  in  
t h e  t i s s u e s  o f  o i l - c o n t a m i n a t e d  marine  an im a ls .  B u l l .  Environ . 
Contam. and T o x i c o l . 14: 122-128.
, , B. A. Cox, R. B. L augh l in ,  S. S. R o ss i ,  and H. E.
Tatum. 1976. " E f f e c t s  o f  pe t ro leum on s u r v i v a l ,  r e s p i r a t i o n  and
growth o f  marine a n im a ls .  In:  Sources ,  E f f e c t s  and S inks  of
Hydrocarbons in  t h e  Aqua t ic  Environment. F. T. Weiss ( e d . ) .  AIBS, 
Washington,  D. C . ,  516-532.
Newman, L. M. 1982. Can f i s h  and fuel  c o e x i s t  on Georges Bank?
Sea Grant  Today. 12 (1 ) :  14-15.
N ic h o l s ,  W. W. (Chairman) and The Ad Hoc Committee o f  th e  Environmental  
Mutagen S o c ie ty  and t h e  I n s t i t u t e  f o r  Medical Research .  1972. 
Chromosome methodolog ies  in  m uta t ion  t e s t i n g .  T o x i c o l . and Appl. 
Pharmacol. 22: 269-275.
Nunes,  P. and P. E. B e n v i l l e .  1978. Acute t o x i c i t y  o f  t h e  w a te r
s o l u b l e  f r a c t i o n  o f  Cook I n l e t  c rude o i l  t o  th e  M an i l la  Clam. Mar. 
P o l l u t .  B u l l .  9 (12 ) :  324-331.
-1 2 2 -
and . 1979. Uptake and d e p u ra t io n  o f  pe t ro leum hydro-
carbons  in  t h e  M an i l l a  Clam, (Tapes s e m id e c u s s a ta ) . B u l l .  Environ . 
Contam. and T o x ico l .  21: 719-726.
Ohno, S.  1965. D i r e c t  h a n d l in g  o f  germ c e l l s .  In:  Human Chromosome 
Methodology. J .  J .  Yunis ( e d . ) ,  Academic P r e s s ,  N.Y.
Ojima, Y. K . , K. Ueno, and M. Hayashi.  1976. A review of  th e  chromo­
some numbers in  f i s h e s .  Kromosomo ( J a p a n ) ,  I I - I : 19-47.
Pardue ,  M. L. and J .  G. G a l l .  1970. Chromosomal l o c a l i z a t i o n  o f  mouse 
s a t e l l i t e  DNA. Sc ience  168: 1356-1358.
Payne, J .  F.  1977. Mixed f u n c t i o n  ox idase  in  marine organisms in  r e l a ­
t i o n  to  pe t ro leum hydrocarbon metabolism and d e t e c t i o n .  Mar.
P o l l u t .  B u l l .  8 (5 ) :  112-116.
, J .  W. K icen iuk ,  W. R. S q u i r e s  and G. L. F l e t c h e r .  1978a. 
P a th o lo g ic a l  changes in  a marine  f i s h  a f t e r  a s i x  month exposure  t o  
pe t ro leum .  J .  F i s h .  Res.  Bd. Can. 35: 665-667.
, J .  M ar t ins  and A. Rahimtu la .  1978b. Crankcase o i l s :  a re
they  a major mutagenic  burden in  th e  a q u a t i c  environment?  Sc ience  
200: 329-330.
, R. Maloney and A. Rahimtu la .  1979. Are pe tro leum hydrocarbons  
an im p o r tan t  source  o f  mutagens in  t h e  marine environment?  1979 Oil 
S p i l l  C onfe rence , A . P . I .  Pub. No. 4308: 533-536.
and N. May. 1979. F u r t h e r  s t u d i e s  on th e  e f f e c t  o f  pe t ro leum
hydrocarbons  on m ix ed - fu n c t io n  o x id a se s  in  marine o rgan ism s .  In:  
P e s t i c i d e s  and X enob io t ic  Metabolism in  Aquatic  Organisms. M.A.Q. 
Khan ( e d . ) ACS Symposium S e r i e s  99,  Washington, D . C . , 339-347.
Pe rcy ,  J .  A. and T. C. Mull i n .  1977. E f f e c t  o f  c rude  o i l  on th e  lo c o -  
motory a c t i v i t y  o f  a r c t i c  marine  i n v e r t e b r a t e s .  Mar. P o l l u t .  B u l l .
8 (2 ) :  35-40.
P e r r y ,  P. E. 1980. Chemical mutagens and s i s t e r  chromat id  exchange.
In: Chemical Mutagens: P r i n c i p l e s  and Methods f o r  T h e i r  D e tec t io n
Vol.  6,  F.  J .  deS e r re s  and A.' H o l laende r  l e d s . ) ,  Plenum P r e s s ,  N.Y. 
1-33.
P r e i n ,  A. E . ,  G. M. T h ie ,  G. M. A l ink ,  J .  H. Koeman and C. L. M. P o e ls .
1978. C y togene t ic  changes  in  f i s h  exposed to  w a te r  o f  th e  R iver
Rhine.  S c i .  Tot .  Envi ron .  9: 287-291.
Reynolds,  J .  H.,  E. J .  Middlebrooks and D. B. P o r c e l l a .  1978.
Comparison o f  s em i-con t inuous  and con t inuous  flow b i o a s s a y s .  Prog. 
Water Technology 9 (4 ) :  897-909.
-123-
Rice ,  S.  D.,  D. A. Moles and J .  W. S h o r t .  1975. The e f f e c t  o f  Prudhoe 
Bay crude  o i l  on s u r v iv a l  and growth o f  eggs ,  a l e v i n s  and f r y  o f  
Pink Salmon, Oncorhynchus go rbuscha . 1975 Conference on P reven t ion  
and Control  o f  Oil P o l l u t i o n ^  A . P . I . ,  Washington, D. C. 503-507.
, J .  W. S hor t  and J .  F. Kar inen .  1975. T o x ic i ty  of  Cook I n l e t  
c rude  o i l  and No. 2 fue l  o i l  t o  s ev e ra l  Alaskan marine  f i s h e s  and 
i n v e r t e b r a t e s .  In :  Sources  E f f e c t s  and Sinks  o f  Hydrocarbons in
th e  Aquatic  Environment^ F. T. Weiss ( e d . ) ,  A . I . B . S . ,  Washington,
d t t :
, R. E. Thomas and J .  W. S h o r t .  1977. E f f e c t  o f  pe tro leum 
hydrocarbons  on b r e a t h i n g  and coughing r a t e s  and hydrocarbon up take-  
d e p u ra t io n  in  Pink Salmon f r y .  In:  P h y s io lo g ic a l  Responses of
Marine B io ta  t o  P o l l u t a n t s .  F.  J .  Vernberg ( e d . ) Academic P r e s s ,
K . r r i s t t r r -----------------------
R o b er t s ,  F. L. 1966. Cel l  C u l tu re  o f  f i b r o b l a s t s  from Clupea harengus  
gonads.  N a tu re : 212 (5070) :  1592-1593.
. 1967. Chromosome cy to logy  o f  th e  O s t e i c h th y e s .  Prog. F ish
'UuTt. 29 (2 ) :  75-83.
R o e s i j a d i ,  G . , D. L. Woodruff and J .  W. Anderson. 1978.
B i o a v a i l a b i l i t y  o f  n a p h th a len e s  from marine sediments  a r t i f i c i a l l y  
con tam ina ted  w i th  Prudhoe Bay crude  o i l .  Environ .  P o l l u t .  15:
223-229.
Roubal W. T . ,  D. H. Bovee, T. K. C o l l i e r  and S. I .  S t ranahan .  1977.
Flow through system f o r  c h ro n ic  exposure  o f  a q u a t i c  organisms to  
s e a w a t e r - s o l u b l e  hydrocarbons  from crude  o i l :  c o n s t r u c t i o n  and
a p p l i c a t i o n s .  1977 Oil S p i l l  Conference .  A .P . I .  Pub. No. 4284: 
551-555.
Salamone, M., J .  Heddle ,  E. S t u a r t  and M. Katz.  1980. Towards an 
improved micronucleus  t e s t :  s t u d i e s  on t h r e e  model a g e n t s .  Mut.
Res. 74: 347-356.
Sammut, M. and G. N i c k l e s s .  1978. Pe t ro leum hydrocarbons in  marine 
sedim ents  and an im als  from th e  i s l a n d  o f  Mal ta.  Environ .  P o l l u t .  
16: 17-30.
Sanders ,  H. L . ,  J .  F.  G r a s s l e ,  G. R. Hampson, L. S. Morse, S.
G a rd n e r -P r ice  and C. C. J o n e s .  1980. Anatomy o f  an o i l  s p i l l :  
lo n g - te rm  e f f e c t s  from th e  grounding  o f  th e  ba rge ,  F l o r i d a  o f f  West 
Falmouth,  M a ssa c h u se t t s .  J .  Mar. Res.  38 (2 ) :  265-380.
Savage,  J .R .K. 1975. C l a s s i f i c a t i o n  and r e l a t i o n s h i p s  o f  induced c h ro ­
mosomal s t r u c t u r a l  changes .  J .  Med. Genet.  12: 103-122.
-124-
S c h ie r ,  A. and D. Gominger. 1976. A p re l im in a r y  study o f  th e  t o x i c  
e f f e c t s  o f  i r r a d i a t e d  vs .  n o n - i r r a d i a t e d  w a te r  s o l u b l e  f r a c t i o n s  of 
No. 2 fue l  o i l .  B u l l .  Environ . Contain, and Tox. 16: 595-603.
Schmid, W. 1975. The m ic ronuc leus  t e s t .  Mut. Res.  31: 9-15.
SenGupta, R . ,  S. Z. Qasim, S. P. Fondekar and R. S. Topgi.  1980. 
D is so lved  pe t ro leum hydrocarbons  in  some re g io n s  o f  th e  n o r th e rn  
Ind ian  Ocean. Mar. P o l l u t .  B u l l .  11 (3 ) :  65-68.
S h c h e k a tu r in a ,  T. L. 1978. Ecobiochemical c h a r a c t e r i s t i e s  o f  hydroca r ­
bons in  some M ed i t e r r a n ia n  sea  o rgan ism s .  H ydrob io log ica l  J .  14 
( 1 ) :  81-84.
Smith,  R. L. and J .  A. Cameron. 1979. E f f e c t  of  w a te r  s o lu b le  f r a c ­
t i o n s  o f  Prudhoe Bay crude  o i l  on embryonic development o f  P a c i f i c  
H er r ing .  Am. F i s h .  Soc.  T rans .  108 (1 ) :  70-75.
Spooner ,  M. F. and C. J .  C r o c k e t t .  1979. E f f e c t s  o f  Kuwait o i l s  on 
fe e d in g  r a t e s  o f  copepods.  Mar. P o l l u t .  B u l l .  10 (7 ) :  197-202.
Stegeman, J .  J .  and D. J .  Sabo. 1976. Aspects  of  pe t ro leum hydrocarbons 
on in te rm e d ia ry  metabolism and x e n o b io t i c  metabol ism in  marine f i s h .  
In: Sources ,  E f f e c t s  and Sinks  o f  Hydrocarbons in  t h e  Aquatic
Environment.  F. T. Weiss ( e d . ) .  A . I . B . S . ,  Washington, D.C.
429-431.
S t i c h ,  H. F. and A. B. Acton. 1976. The p o s s i b l e  use o f  f i s h  tumors in  
m on i to r ing  f o r  c a rc in o g en s  in  t h e  marine environment.  Prog . Exp. 
Tumor. Res. 20: 44-54.
S u g a t t ,  R. H. 1978. Chromosome a b e r r a t i o n s  in  th e  E as te rn  Mudminnow 
(Umbra pygmaea) exposed in  v ivo t o  Trenimon o r  r i v e r  w a te r .  Cen t ra l  
Lab. TNIT D e l f t .  R epor t  No. MD-N & E 7 8 /3 . N e ther lands  (unpub l i shed  
r e p o r t ) .
T a y lo r ,  J .  H. 1958. S i s t e r  chromat id  exchanges  in  T r i t i u m - l a b e l e d  
chromosomes. G en e t ic s  43: 515-529.
T e a l ,  J .  M., K. Burns and J .  F a r r i n g t o n .  1978. A na lys is  o f  a rom at ic  
hydrocarbons  in  i n t e r t i d a l  sed iments  r e s u l t i n g  from two s p i l l s  of  
No. 2 fue l  o i l  i n  Buzzards  Bay, M assa c h u se t t s .  J .  F i s h .  Res.  Bd. 
Can. 35: 510-520.
Thomas, P . ,  B. R. Woodin and J .  M. N ef f .  1980. Biochemical re sponses  
of  th e  S t r i p e d  M u l le t ,  Mugil cep h a lu s  t o  o i l  exposure .  I .  Acute 
Responses:  i n t e r n a l  a c t i v a t i o n s  and secondary  s t r e s s  r e sp o n se s .
Mar. B io l .  59: 141-149.
Tsuchimoto,  T. and B. E. M a t t e r .  1979. In v ivo c y t o g e n e t i c  s c r ee n in g  
methods f o r  mutagens with  s p e c i a l  r e f e r e n c e  to  th e  micronuclues  
t e s t .  Arch. T o x ic o l .  42: 239-248.
-125-
V anderho rs t ,  J .  R . ,  R. M. Bean, L. J .  Moore, P. Wilk inson ,  C. I .  Gibson 
and J .  W. B lay lock .  1977. E f f e c t s  o f  a c o n t inuous  lo w - lev e l  No. 2 
fu e l  d i s p e r s i o n  on l a b o r a t o r y - h e l d  i n t e r t i d a l  c o l o n i e s .  1977 Oil 
S p i l l  Confe rence . A . P . I .  Pub. No. 4284: 557-561.
 , C. I .  Gibson and L. J .  Moore. 1976. T o x i c i t y  o f  No. 2 fue l
o iY  t o  Coon S t r i p e  Shrimp. Mar. P o l l u t .  B u l l . 7 ( 6 ) :  106-108.
Vandermeulen,  J .  H. 1978. I n t r o d u c t i o n  t o  t h e  symposium on recovery  
p o t e n t i a l  o f  o i l e d  marine env i ronm ents .  J .  F i sh  Res. Bd. Can. 35: 
505-508.
Wakeham, S.  G. 1976. A com para t ive  survey o f  pe t ro leum hydrocarbons  in 
l a k e  sed im en ts .  Mar. P o l l u t .  B u l l .  7 (11) :  206-211.
W in te r s ,  K. and P. L. P a rk e r .  1977. Water s o l u b l e  components o f  crude 
o i l s ,  fue l  o i l s ,  and used c ran k case  o i l s .  1977 Oil S p i l l  
C onfe rence . A . P . I .  Pub. No. 4284: 579-581.
Wolf,  K. and M. C. Quimby. 1976. Procedures  f o r  s u b c u l t u r i n g  f i s h
c e l l s  and p ro p a g a t in g  f i s h  c e l l  l i n e s .  T i s su e  C u l tu r e  Assoc.  Manual 
2 (4 ) :  471-474.
Z o b e l l ,  C. E. 1969. M icrob ia l  m o d i f i c a t i o n  o f  crude  o i l  in  t h e  s ea .  
1969 Conference  on P r ev e n t io n  and Contro l  o f  Oil S p i l l s  
A . P . I . / P . W . P . C . A . , Oecember 1 / ,  I9b9 , S1/-326.
APPENDICES
APPENDIX I
Variance  T e s t s  Using th e  F-max Comparison A na lys is  on th e  Chromosome 
Count Frequency Data and th e  Chromosome A b e r ra t io n  Data.
APPENDIX I
Variance  T e s t s  (F-Max Comparison A n a ly s i s )
Chromosome Count 
Frequency Data
Crude Flow-Through = 22159
#2 Fuel Flow-Through 27521 max
Control  Flow-Through — 14009 min
Crude S t a t i c  Control 29394 max
Crude S t a t i c  1% WSF = 19462
Crude S t a t i c  4% WSF = 17841 min
Crude S t a t i c  2% WSF = 23953
+Contro l*  0 mg/1 CP a 20987 max
+Control  25 mg/1 CP = 12726 min
+Control 125 mg/1 CP a 13071
#2 Fuel S t a t i c  Control a 19324 max
#2 Fuel S t a t i c  1% WSF = 14914 min
#2 Fuel S t a t i c  4% WSF = 15431





v = 71 
a = 3
F-max = 
v = 71 
a = 4
F-max = 
v = 71 
a = 3
F-max = 
v = 71 
a = 4
Chromosome A b e r ra t io n  Data
(Number o f  C e l l s  w i th  A b e r ra t io n s  Within Each Treatment)
Crude Flow-Through 
#2 Fuel Flow-Through 
Control  Flow-Through
Crude S t a t i c  Control  
Crude S t a t i c  1% WSF 
Crude S t a t i c  4% WSF 











v = 44 
a = 3
F-max = 
v = 44 
a = 5
P o s i t i v e  Control  0 CP = 2.2455 min 
+ Control  25 mg/1 CP = 4.6091 max 





S t a t i c  Control  
S t a t i c  1% WSF 
S t a t i c  4% WSF 








v = 44 
a = 3
F-max = 
v = 44 
a = 4











D i s t r i b u t i o n s  o f  Smooth Flounder  Chromosome Counts From Each o f  the
Experimenta l  T r e a tm e n t s .
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No. 2 Fuel S t a t i c
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APPENDIX I I I
F luo rom etr ic  Graphs o f  t h e  R esu l t s  o f  Various  Water Samples Taken Over
t h e  Experimental  P e r iod .
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Figure 1. Flow-through samples before the day 53 o i l - s i l t  re fresher.







200  30 5  32 0  335  350  30 5  380  3 0 5  410  425  440 
___________________ EMISSION WAVELENGTH___________________











200 305  320  33 5  350  3 0 5  3 8 0  3 0 5  4 1 0  4 2 5  440  
____________________EMISSION WAVELENGTH____________________















2 0 0  3 0 5  3 2 0  3 3 5  3 5 0  3 0 5  3 8 0  3 0 5  4 1 0  4 2 5  4 4 0
_____________________ EM ISSION WAVELENGTH
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Figure 2. Flow-through samples a fte r  the day 53 o i l - s i l t  re fresher.















200 305 320 335 350 305 380 305 410 425 440
 EMISSION WAVELENGTH______________   ...
























200 305  3 2 0  3 3 5  3 5 0  3 0 5  3 8 0  3 0 5  410 425 440
EMISSION WAVELENGTH____________________
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Figure  3. Comparison o f  f lo w - th ro u g h  c o n t r o l s  from days 53 and 35 

















280 305 320 335 350 305  380 385  410 425 440
__________ EMISSION WAVELENGTH__________________ _













280  305  32 0  335  350  305  380  385  410 425 440
EMISSION WAVELENGTH
















280  3 0 5  3 2 0  3 3 5  3 5 0  3 0 5  3 8 0  3 8 5  4 1 0  4 2 5  440
EMISSION WAVELENGTH
Figure 4. Day 54 o f the flow-through experiment.








290 303  320 335 330 3Q5 380 395 410 425 440 
__________________ EMISSION UflVELEN6TH






290 305  320 335 350 355 380 395 410 425 440
EMISSION UflVELENGTH









290 305 320 335 350 355 380 395 410 425 440
EMISSION UAVELEN6TH
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Figure 5. Day 63 o f the flow-through experiment.









200 303  320 335 350 365 380 305 410 425 440
__________________ EMISSION WAVELENGTH__________________






Q  j ' - f 1- ‘ 1 1 1 1 1 1 I-T ‘ ‘ » » -  - »  « —  .
200 305 320  335 350 363 380 305 410 425 440
EMISSION WAVELENGTH







200 305 320  335 350 365 380 305 410 423 440
EMISSION WAVELENGTH
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Figure 6. Day 74 o f the flow-through experiment.









200 305 320 335 350  3Q5 380 305 410 425 440
__________________ EMISSION WAVELENGTH__________________







200 305 320 335 350 305  380 305 410 425 440
EMISSION WAVELENGTH














































Figure 7. Day 77 o f the flow-through experiment.









290 303 320  335  350 365  380 305 410 423 440 
EMISSION UAVEIEN6TH________________ __









200 305  320 335  350 365 380 305  410 425 440 
EMISSION UAVELENQTH













































Figure 8. Day 89 o f the flow-through experiment.
FT CONTROL DAY 89
CM
200 305 320  335 350 305  380 305 410 425 440 
EMISSION WAVELENGTH_____________ _____







200 305  320 335 350 305  380 305 410 425 440
__________________ EniSSIO N  WAVELENGTH_________ ;________








2 0 0  3 0 5  3 2 0  3 3 5  3 5 0  3 0 5  3 8 0  3 0 5  4 1 0  425  440
______________  EMISSION WAVELENGTH
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Fiqure 9 Day one p r io r  to the Mo. 2 fue l WSF re fresher.







200  309  3 20  339  350 369 360 309  410 429 440
ernssicm MftvetENOTH
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200  305 3 2 0  339  390  369  360 385  410 429 440
CnX9$10N WAVELEN0TH








200 305 320 335 390 369 330 309 410 429 440
EMISSION WAVELEN8TH
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Figure 10. Day one a fte r  the Mo. 2 fuel WSF re fresher had been added.






Q . . .................
200  309 320  339 390 309 380  309 410  429  440
EniSSION UAVELENGTH






Q 1 1 111 1 ■ 1,  - -
200 309  320  339  390  309  380  309 410 429 440
EniSSION UftVELEHQTH
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  _____________ EfllSSlO N  WAVELENGTH
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200  3 05  3 2 0  335  390  303  380  309  410 425 440
E n i S S I O N  WAVELENGTH
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O < I I I l I i > M I  .............................................
2 00  3 09  320  339  390  399  3 90  309 410  429 440
£ni83I0H _ UflVELEMOTH







200 309 3 2 0  339  390  309  380  309  410 429 440
_____________________ g m a s t a w  u a v e l e m o t h _____________________








200  809 3 20  339 390  309  380  309 410 429 440
____________________EMISSION 0 AVELEHOTH___________________






































































Figure 12. Day three o f the No. 2 fue l WSF refresher.






200 4 0 9  320  339  390  309 300 309 410 429 440
Ef1I3310N tfflVELEHO.TH^







Q \'A ‘ ...... .a . . .  ■ \ . . .
200  009  3 2 0  139 390 309 300 109 410 429 440
smagifln,nayuaaiB.





200  309  320  939  390 309  9 00  309 410 429  440 
___________________ErttSSIOH tfftVEtEHgTH







200  309  3 20  339  990 309  930  909 410 4 29  440
EH18810H MAVELEHBTH
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Figure  13. Readings from samples o f  th e  crude  s t a t i c  tanks  
p r i o r  t o  WSF r e f r e s h e r .





o   ................   i k k it .........   i
200 309 320 339 390  309  380 309  410 423 440
EniSSION UtWELENQTH







200 309 320 339 3 90  309 380  309 410  429 440 
Eni9S10N  UAVELEN9TH____________ _____








O I I M I I*  I » * H  I I I  ................................................. .. ...
200  309  320 339  390  309  380 309 410 429  440
E n iS S IO N  UflVELENQTH





200 309 320  333 3 90  305  380  305 410 425 440  
-----------------------------EHl88.l.0H_tfftVELEH0TH. —  ----------------
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Figure 14. Day two o f the crude s ta t ic  WSF refresher.






2 00  309 320  339  390 309 300 303 410  429 440 
___________________ EniSSION MftVELEHOTH______________________







2 90  309 320  333 330 309  380 309 410 429 440
E n iS S IO N  MAVELENBTH
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2 0 0  303  320  339 890  309  300 303  410 429  440
EniSSION 0AVCLEHOTH_
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Figure 15. Day three o f the crude s ta t ic  HSF re fresher.
w




o 1 ,*'1 1
200  309 320  339 390 389 380  309  410  429 440
E n i9 8 I0 H  UftVELEHQTH
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entSSIOH MAVELCWMH.-







200  309 320 339  390  389  380  309  410  429  440
___________________ E ffI3S T0H  y ftV E L E H 9 T H ___________ ___






2 00  309 320  839 390  389 3 00  309  410  429  440
EM 9810N  MftVELEHOTH
Figure 16. Day 4 from the crude s ta t ic  WSF re frpshpr
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Figure  17. Samples from th e  Crommett Creek c o l l e c t i o n  s i t e .
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Figu re  18. Samples from th e  Route 155/Route 4 t i d a l  c reek  
c o l l e c t i o n  s i t e .
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Figure 19. Hexane blanks from d is t i l le d  n-hexane.








2 9 0  3 0 5  3 2 0  3 3 5  3 5 0  3 8 5  3 8 0  3 9 5  4 1 0  4 2 5  440  
EMISSION WAVELENGTH









2 9 0  3 0 5  3 2 0  3 3 5  3 5 0  3 6 5  3 8 0  3 9 5  4 1 0  425  440



























F j q u r e  2 0 .  M i l l i p o r e - f i l t e r e d  s e a  w a t e r .
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